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I. 


INTRODUCTION 


From  the  accumulated  results  of  recent  studies,  we  are 
brought  face  to  face  with  the  fact  that  "Failures  in  the  ele- 
mentary school  are  caused  more  frequently  by  arithmetic  than 
by  any  other  subject  in  the  curriculum. Furthermore,  it 
seems  that  the  number  of  failures  due  to  arithmetic  as  com- 
pared with  failures  in  other  subjects  is  Increasing,  due  not 

p 

to  less  proficiency  in  arithmetic,  but  to  changing  standards. 

In  addition  to  our  recognized  failures  in  school  in  arith' 
metic,  our  business  men  from  all  departments  are  complaining 
that  their  employees  are  unable  to  perform  with  accuracy  even 

3 

the  simplest  of  arithmetical  processes.  Results  of  tests  re- 
veal this  as  a legitimate  complaint,  for  frequent  mistakes  are 

made  in  simple  addition,  subtraction,  and  multiplication  even 

4 

by  college  students  and  graduates. 


1.  Buswell,  G.T.,  Diagnostic  Studies  in  Arithmetic,  p.  1, 
University  of  Chicago  Press,  1926. 

2.  Brownell,  W.A.,  The  Development  of  Children*^  Number  Ideas 
in  the  Primary  Grades,  p.  "31  University  of  Chicago  Press, 
1928. 

3.  Osburn,  W.  J and  Buckingham,  B.R.,  Corrective  Arithmetic  , 
p.  1.  Houghton,  Mifflin  Co.,  Boston,  1924. 

4.  Testing  at  Boston  University  indicates  that  at  least  ten 
percent  of  University  students  could  profit  by  corrective 
work  in  the  fundamentals. 
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These  bold  facts  which  make  their  appearance  quite  con- 
sistently  would  immediately  lead  us  to  the  conclusion  that  our 
elementary  arithmetic  program  is  an  inadequate  one.  One  of 
the  major  objectives  of  the  elementary  school  is  to  help  each 
child  attain  a mastery  of  the  four  fundamental  processes  that 
furnish  the  basic  tools  for  future  applications  of  arithmetic. 
If  our  program  weakens  here,  there  is  a decided  gap  in  our 
system  which  should  not  exist. 

Are  we  as  teachers  realizing  the  seriousness  of  the  fact 
that  the  public  is  paying  us  to  teach  and  prepare  children  for 
life  work  and  that  we  are  not  doing  this  job  adequately?  Are 
we  guilty  of  allowing  a repeated  accumulation  of  difficulties 
to  be  added  to  the  child’s  unmastered  list  week  after  week,  , 
ultimately  leading  him  into  general  confusion?  Is  it  possible 
to  determine  the  reasons  for  arithmetic  failures  in  our  school 


systems  and  to  correct  these  causes  to  the  extent  that  the 
100$  accuracy  goal  in  the  four  fundamental  processes  is  reached? 
100$  would  appear  to  be  the  correct  standard  for  simple  drill 
material. 

Since  children  have  been  allowed  to  accumulate  faulty 
.habits  in  working  arithmetic  through  the  grades,  it  is  quite 
obvious  that  one  of  the  first  duties  of  the  classroom  teacher 
in  promoting  a more  effective  arithmetic  program  is  that  of 
correcting  these  undesirable  habits.  Before  they  can  be  cor- 
rected they  must  be  detected.  The  primary  interest  of  the 
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following  study  is  that  of  detecting,  diagnosing,  and  at 
least  making  a beginning  of  correcting  individual  errors  in 
the  fundamental  processes  of  arithmetic. 
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THE  IMMEDIATE  STUDY 


A.  Plan  of  the  Study 

The  present  study  was  carried  on  in  four  sixth  grades  of 
one  of  the  very  good  elementary  schools  around  Boston*  One 
hundred  and  twenty- seven  children  were  tested  in  order  to  de- 
termine how  many  of  them  needed  corrective  work  in  the  funda- 
mental processes  - addition,  subtraction,  and  multiplication. 
From  the  number  showing  a need  for  corrective  work  in  these 
fundamentals,  an  attempt  was  made  to  diagnose  the  errors  of 
each  in  each  process  and,  if  possible,  to  determine  the  causes 
of  the  errors.  This  diagnosis  was  followed  by  specific  and 
individual  corrective  procedures  and  further  diagnosis.  In 
order  to  determine  the  effectiveness  of  the  corrective  work 
undertaken  the  classes  were  re-tested  in  March. 

B.  The  Initial  Testing 

In  November  1937,  Tests  A P,  Addition  Process;  A3,  The 
i 300  Decade  Facts;  S P,  Subtraction  Process;  and  M P,  Multipli- 
cation Process*  were  given  to  one  hundred  and  twenty- seven 
sixth  grade  pupils.  The  time  limit  for  the  tests  was  unres- 
tricted. No  mention  was  made  of  time  except  for  the  fact  that 
they  could  have  all  the  time  they  needed  and  not  to  hurry. 


* These  tests  are  shown  in  Appendix  A.  They  will  be  referred 
to  throughout  the  study  as  A P Test,  A 3 Test,  S P Test,  and 
M P Test. 
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The  time,  however,  was  recorded.  The  child  was  asked  to 
hand  in  his  paper  as  soon  as  he  had  finished.  By  the  use  of  a 
stop-watch  the  time  was  recorded  in  minutes  by  the  tester  as 
the  child  handed  in  his  paper. 

Of  course,  it  was  necessary  before  the  test  was  begun  to 
see  that  every  child  was  provided  v/ith  something  to  do  in  case 
he  finished  before  the  others  did.  In  order  to  insure  the  co- 
operation of  the  group  in  this  matter,  the  children  were  asked 
why  they  should  be  careful  as  to  any  noise  when  they  finished. 
They  decided  that  to  be  quiet  was  the  polite  and  considerate 
thing  to  do  and  would  be  a way  of  helping  one  another. 

C.  Results  of  the  Initial  Testing 

The  tests  were  scored  according  to  directions;  that  is, 
four  off  for  each  example  wrong  on  tests  AP,  SP,  and  MP,  and 
one -third  off  for  each  mistake  on  Test  A3.  A summary  sheet 
with  each  child's  name,  I.Q.,  age,  and  score  and  time  for  each 
test  was  made  out  for  each  grade.  These  sheets  as  shown  in 
Tables  I to  V give  a complete  picture  of  the  results  of  the 
tests  for  each  child  in  each  grade. 

To  the  left  is  the  child's  name  followed  by  his  age  and 
I.Q.  in  columns  one  and  two.  The  I.Q. 's  were  secured  from  the 
school  records,  and  were  for  the  most  part  based  on  results  of 
the  Otis  Group  Test.  To  the  writer  it  would  seem  desirable  to 
have  the  child's  I.Q.  In  order  to  determine  the  ways  of  working 
with  the  various  children.  Some  children  with  low  I.Q. *s  can 
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TABLE  I 

SHOWING  THE  NAMES,  AGES,  I.Q. »S,  AND  SCORES  AND  TIME  MADE  BY  PUPILS  IN  ROOM  R ON  THE 
WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS,  AP,  A3,  SP  AND  MP  ON  THE  INITIAL  TESTING 
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learn,  but  the  process  is  of  necessity  slow  and  the  teacher 
must  expect  this. 

Following  each  child* s name,  age  and  I.Q.  are  hi3  scores 
and  time  on  the  Tests  AP,  A3,  SP,  and  MP  as  noted  at  the  top 
of  each  column.  The  score  is  based  on  100%  and  the  time  re- 
corded in  minutes.  The  last  column  shows  the  average  score  on 
all  four  tests  for  each  child.  To  illustrate  from  Table  I, 

Room  R,  Phyllis,  age  11,  and  with  an  I Q of  153  made  a score 

! 

of  80  in  12  minutes  on  the  AP  Test;  99  in  24  minutes  on  the  A3 
Test;  92  in  9 minutes  on  the  SP  Test;  and  76  in  16  minutes  on 
the  MP  Test,  giving  her  an  average  score  of  87  on  the  four 
tests. 

This  way  of  displaying  results  made  it  easy  for  one  to 
check  over  the  scores  and  time  and  designate  those  pupils  doing 
unsatisfactory  work. 

The  scheme  followed  was  that  of  encircling  all  scores  be- 
low 90  and  all  unreasonable  times  (decided  upon  according  to 
the  test)  as  unsatisfactory.  Those  pupils  marked  were  con- 
sidered subjects  for  corrective  work  on  the  arithmetic  funda- 
mentals • 

The  optional  selection  of  90  as  the  accepted  score  may  be 
questioned  by  some.  It  is  at  a tremendous  cost  that  children 
are  allowed  to  drift  along  on  a passing  score  of  75  in  a sub- 
ject  that  should  demand  perfect  mastery.  The  fact  that  75  has 
been  generally  accepted  as  a passing  score  in  arithmetic  may 
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offer  a partial  explanation  of  the  presence  of  many  scores  be- 
| low  90  found  in  the  upper  grades  today.  For  this  reason  no 
score  below  90  was  accepted*  It  is  possible  that  only  100 
should  have  been  accepted  as  a satisfactory  score,  but  in  the 
light  of  the  data  shown  in  Tables  1 to  27,  90  was  chosen  for 

this  initial  testing. 

In  regard  to  the  time  element,  in  most  cases  an  unreason- 
. ably  long  time  indicates  counting  or  other  faulty  working 
habits.  This  is  especially  time  of  the  A3  test.  Therefore, 
in  spite  of  a child’s  record  showing  a good  score,  if  it  showed 
slow  work,  indicating  poor  work  habits,  the  child  possibly 
would  profit  by  corrective  work. 

This  factor  of  time  may  probably  be  a better  index  to 
counting  or  other  bad  habits  than  the  child’s  statement  on  the 
test.  Sometimes  he  may  forget  to  mark  that  he  counted  and  in 
many  cases  it  was  found  that  children  did  not  realize  that 
they  were  counting,  when  they  clicked  their  tongues  or  tapped 
their  feet  or  pencils.  This  would  suggest  that  the  tester  ex- 
plain what  is  meant  by  counting  before  the  test  is  begun. 

Then,  too,  sometimes  the  child  has  been  so  scolded  or  embar- 
rassed about  his  counting  that  he  is  ashamed  to  tell  that  he 
counts.  Therefore,  the  child’s  statement  does  not  in  every 
case  tell  the  story  of  counting. 

The  time,  however,  may  not  always  indicate  poor  work 
habits.  As  in  Janet’s  case  (Table  III),  60  minutes  was  taken 
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on  the  A3  Test.  Her  slow  work  resulted  from  poor  coordination 
of  muscles.  She  had  been  partially  paralyzed  by  an  accident 
occurring  while  she  was  an  infant  and  finds  manipulation  of 
the  muscles  of  her  hands  very  difficult.  Other  children  may 
have  writing  difficulties  that  cause  their  work  to  be  slow. 
These  children  may  be  detected  almost  at  a glance  as  they  work 
if  the  teacher  is  sufficiently  skilled. 

Other  chilc.ren  may  be  slow  because  their  attention  span 
is  short.  They  work  awhile  and  then  play  awhile.  They  are 
listless  and  seem  to  think  that  it  doesn*t  matter  anyway. 

Hope  (Table  IV)  was  found  taking  out  time  from  her  SP  Test 
to  decorate  her  paper  with  sketches.  Of  course  there  is  a 
cause  behind  this  listlessness  which  should  be  investigated, 
for  it  certainly  shows  evidences  of  poor  working  habits  that 
should  be  cleared  up.  These  facts  make  it  desirable  that  the 
teacher  observe  her  children  carefully  as  they  work. 

The  work  of  some  children  is  possibly  slowed  down  by 
their  practice  of  adding  by  endings;  that  is,  in  27  + 4 s 31, 
they  say  4 +7  = 11,  write  1,  carry  1;  1*2*3,  write  3. 

One  may  become  quite  efficient  at  this,  and  learn  to  do  it  in 
a short  time  as  long  as  he  has  24  t 7 written  before  him  as  on 
the  A3  Test,  but  when  it  occurs  in  column  addition  where  he 
must  think  it, difficulty  and  slower  work  is  likely  to  result. 
Therefore,  it  would  seem  desirable  to  have  the  child  learn  the 
fact  as  such. 
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The  number  of  pupils  added  to  the  corrective  group  accord- 
ing to  the  previously  described  scheme  of  marking  scores  below 
90  and  times  that  seemed  unreasonable  is  recorded  at  the  end 
of  the  column  of  scores  and  time  for  each  process  in  Tables  I - 
V,  A star  appears  by  the  first  unsatisfactory  score  or  time 
that  is  found  after  a child’s  name.  Prom  counting  the  number 
! of  stars  one  is  able  to  determine  the  number  of  pupils  needing 
corrective  work  in  one  or  more  of  the  fundamental  processes, 
j;  It  should  be  noted  that  the  appearance  of  only  one  star  after  a 
child’s  name  does  not  mean  that  he  is  weak  in  only  one  process, 
for  as  already  stated  only  the  first  unsatisfactory  score  or 
time  was  starred. 

Turning  to  Table  I we  find  that  from  51  pupils  taking  the 
AP  Test,  21  had  a score  below  90,  1 other  an  unsatisfactory 

time,  4 others  unsatisfactory  time  on  the  A3  Test,  2 others 

* 

i with  a score  below  90  on  the  SP  Test,  and  3 others  with  a score 
below  90  on  the  MP  Test,  This  shows  a total  of  31  pupils 
!' needing  corrective  work  in  the  arithmetic  fundamentals  from  a 

l« 

class  of  31, 

Table  II  shows  20  pupils  with  a score  below  90  on  the  AP 
| Test,  3 more  with  unsatisfactory  time  on  the  A3  Test,  3 more 
with  a score  below  90  on  the  SP  Test,  1 more  with  a score  be- 

I 

low  90  on  the  MP  Test,  and  1 more  with  an  unsatisfactory  time 
i on  the  MP  Test,  This  shows  28  pupils  needing  corrective  work 
■ in  the  arithmetic  fundamentals  from  this  class  of  31  pupils. 
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Table  III  shows  22  pupils  with  a score  below  90  on  the 
AP  test,  7 more  with  unsatisfactory  time  on  the  A3  Test,  1 
more  with  a score  below  90  on  the  SP  Test,  and  2 more  with  a 
score  below  90  on  the  MP  Test.  This  totals  32  pupils  showing 
a need  for  corrective  work  in  the  arithmetic  fundamentals  from 
this  class  of  33  pupils. 

Table  IV  shows  23  pupils  with  a score  below  90  on  the  AP 
Test,  5 more  with  unsatisfactory  time  on  the  A3  Test,  1 more 
with  a score  below  90  on  the  SP  Test,  and  4 more  with  a score 
below  90  on  the  MP  Test.  This  shows  33  pupils  needing  correc- 
tive work  in  the  arithmetic  fundamentals  from  this  class  of 
33  pupils. 

Summarizing  the  above  data  we  find  124  children  out  of 
127  who  needed  corrective  work  in  some  phase  of  the  fundamental 
processes  of  arithmetic.  If  a child  did  not  fail  in  one  phase 

i 

of  the  work  he  did  in  another,  and  in  many  cases  children  were 
found  weak  in  more  than  one  and  sometimes  all  of  the  processes. 
It  may  be  noted  (Table  IV)  that  only  one  child  of  the  127  had 
a 100%  score  on  all  of  the  fundamentals  tested. 

Possibly  of  little  value  in  telling  the  story,  but  of  some 
interest  is  the  examination  of  the  number  of  pupils  with  un- 
satisfactory scores  and  time  on  each  test  taken  separately. 
Table  V has  been  constructed  to  tell  this  story.  To  the  left 
may  be  seen  the  name  of  the  test  and  in  the  column  across  from 
it  the  number  of  pupils  in  each  room  doing  unsatisfactory  work 
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TABLE  V 


SHOWING  THE  NUMBER  OF  PUPILS  WITH  UNSATISFACTORY 
SCORES  AND  TIME  ON  EACH  TEST  SEPARATELY 


No.  Pupils  with  Unsatisfactory 
Score  on  the  AP  Test 

Room 

R 

21 

Room 

0 

20 

Room 

S 

22 

Room 

L 

23 

Totals 

86 

Unsatisfactory  Time  on  theAP 
Test 

3 

2 

3 

2 

10 

Unsatisfactory  Score  on  the  A3 
Test 

1 

1 

Unsatisfactory  Time  on  the  A3 
Test 

18 

11 

24 

16 

69 

Unsatisfactory  Score  on  the 
SP  Test 

15 

21 

19 

18 

73 

Unsatisfactory  Time  on  the 
SP  Test 

1 

6 

7 

Unsatisfactory  Score  on  the 
MP  Test 

30 

26 

30 

29 

115 

Unsatisfactory  Time  on  the 
MP  Test 

9 

12 

12 

9 

42 

No.  Pupils  in  Room 

31 

30 

33 

33 

127 

This  table  is  read  as  follows:  Room  R with  a total  of  31 

pupils  as  shown  at  the  bottom  of  the  column,  had  21  pupils 
with  unsatisfactory  scores  on  the  AP  Test  and  3 with  un- 
satisfactory time,  etc.,  see  text. 
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according  to  previously  designated  specifications  as  to  score 


i1  and  time*  The  room  is  designated  across  the  top  of  each 

ji 

column.  Reading  the  table  it  is  found  that  Room  R had  21 
pupils  with  an  unsatisfactory  score  on  the  AP  Test,  and  3 with 
i unsatisfactory  time  on  that  test;  IS  with  unsatisfactory  time 
on  the  A3  Test;  15  with  an  unsatisfactory  score  on  the  SP  and 
! 1 with  unsatisfactory  time;  and  30  v/ith  unsatisfactory  scores 
'ion  the  MP  Test  and  9 with  unsatisfactory  time.  At  the  bottom 
of  the  Table  we  find  that  there  were  31  pupils  in  Room  R.  The 
•same  may  be  read  for  each  of  the  other  three  rooms,  and  then 
the  total  for  the  four  rooms.  Noting  the  table  further  it  may 

i 

| be  discovered  that  more  children  were  weak  in  multiplication 
i than  in  any  other  process. 

Tables  VI  to  XXII  were  constructed  in  order  to  show  the 
i|  distribution  of  scores  and  time  for  each  test  for  each  grade. 

For  reading  these  two-way  distribution  tables  one  may  note 
1 the  time  in  minutes  required  for  taking  the  test  across  the  top 
and  the  scores  to  the  left.  Table  VI  shows  a distribution  of 
j!  scores  and  time  for  Room  R on  the  initial  AP  Test.  It  may  be 
j noted  that  on  this  test  there  was  one  person  who  made  a score 
of  100  in  6 minutes,  and  one  in  16  minutes.  There  was  one  per- 
son  making  a score  of  96  in  6 minutes,  2 in  8 minutes,  1 in  18 
minutes,  and  1 in  22  minutes,  making  a total  of  5 scores  of  96 
on  the  AP  Test  in  Room  R.  To  the  right  is  shown  the  percent  of 
| pupils  in  the  room  making  each  score. 
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Table  VII  shows  the  same  for  the  initial  A3  Test  in  Room 
R.  Since  the  time  for  some  on  this  test  was  long,  the  minutes 
were  written  in  steps  of  five,  such  as  10-15  minutes,  15-20 
minute s , etc. 

The  Tables  VIII  to  XXII  are  read  in  a similar  way  and 
shov;  the  results  of  each  room  on  each  test  as  labeled.  It  is 
quite  convenient  in  a distribution  of  this  kind  to  mark  off  the 
accepted  scores  and  time  and  note  what  a small  number  one 
would  have  in  the  upper  left  hand  corner,  which  would  represent 
the  accepted  scores  and  time. 

In  the  same  manner  as  previously  described.  Tables  XXII 
to  XXVI  show  the  distribution  of  score  and  time  on  each  of  the 
initial  tests  for  the  four  sixth  grades  combined.  From  Table 
XXII  it  is  found  that  of  the  127  children  tested  6 or  4.7$  ob- 
tained a perfect  score  on  the  AP  Test;  17  or  13.4$  obtained  a 
score  of  96;  18  or  14.2$  obtained  a score  of  92,  making  a total 
of  32.3$  who  received  scores  above  90.  It  is  Interesting  to 
note  that  the  perfect  scores  were  not  made  by  children  requir- 
ing the  longest  time  to  take  the  test,  but  on  the  contrary, 
they  tend  to  bunch  at  the  end  denoting  the  lowest  time. 

Table  XXIII  shows  21  or  16.5$  of  the  127  pupils  with  100$ 
scores  on  the  A3  test.  On  this  test  it  would  seem  that  the 
scores  ran  high,  but  it  will  be  noted  that  the  time  also  ran 
high.  The  0 score  was  a result  of  one  child's  multiplying 
throughout  the  test  in  spite  of  directions  and  a demonstration 
that  were  given  prior  to  the  taking  of  the  test. 
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TABLE  VI 

SHOWING  THE  DISTRIBUTION  OP  SCORE  AND  TIME  ON  THE  AP  TEST  MADE  ON  INITIAL  TEST  BY  ROOMR 
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TABLE  VIII 


SHOWING  THE  DISTRIBUTION  OP  SCORES  AND  TIME  ON  TEE  SP 
TEST  MADE  ON  INITIAL  TEST  BY  ROOM  R 


Time  in  Minutes 

Scores  4 5 6 V 8 9 10  11  12  13  14  15  16 


100 

96 

92 

88 

84 

81 

76 

72 

68 

64 

60 

36 


1 

1 1 


1 

3 1 

1 

11  1 
1 1 

1 

1 

1 

1 


Median 

Ql 

03 

0 


Median 

Ql 

03 

0 


1 

1 

1 


3 1 2 7 4 3 3 


3 2 2 


Score 


92 

80 

96 

8 


Time 


8 

12 

7 

2.5 


Totals 

4 

8 

4 

3 

3 

4 
1 

1 

1 

1 

1 


31 


Percent 

12.9 

25.8 

12.9 
9.7 
9.7 

12.9 

3.2 

3. 

3. 

3. 

3. 


99.9 
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TABLE  IX 

SHOWING  THE  DISTRIBUTION  OF  SCORES  AND  TIME  ON  MP  TEST  MADE  ON  INITIAL  TEST  BY  ROOM  R 
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Table  XXVI  merely  brings  together  in  a summary  fashion  the 
ranges  and  medians  of  IQ's  and  time  and  scores  on  each  test 
in  each  room  and  finally  for  the  four  rooms  combined* 

In  view  of  the  preceding  test  results,  which  incidentally 
do  not  present  a situation  confined  to  this  particular  school, 
but  similar  to  many  others,  it  seemed  desirable  to  extend  a 
corrective  program  to  cover  all  in  the  four  sixth  grades  rather 
than  attempting  to  choose  a small  number  of  pupils  as  a correc- 
tive group*  This,  of  course,  could  be  done  successfully  only 
through  the  cooperation  of  the  room  teachers. 

One  difficulty  presenting  itself  here  was  the  fact  that 
preparation  must  be  made  for  the  standardized  tests  to  be  given 
in  the  spring.  It  was  known  by  the  teachers  that  this  test 
would  include  many  examples  involving  processes  other  than  the 
fundamentals.  The  teachers  were  also  aware  of  the  fact  that 
many  of  the  processes  included  in  such  tests  were  useless  to 
the  child  outside  of  school,  but  still  they  were  anxious  to 
see  their  pupils  make  a good  showing  on  the  test.  Also,  there 
were  certain  requirements  to  be  covered  as  prescribed  by  the 
course  of  study. 

The  introduction  of  a program  of  corrective  work  in  the 
arithmetic  fundamentals,  involving  teaching  the  child  what  he 
needed  to  know  and  should  have  already  known,  but  didn't,  would 
require  a considerable  amount  of  time.  This  would  necessitate 
reducing  the  amount  of  time  spent  drilling  on  work  assigned  to 
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that  grade  by  the  course  of  study,  and  also  for  a good  showing 

r 

on  the  other  standardized  test. 

It  seems  that  teachers  in  many  schools  are  so  hound  that 
it  is  with  fear  that  they  spend  time  on  work  that  should  al- 
ready have  been  mastered.  They  are  expected  to  teach  the  work 
for  their  own  grades  regardless  of  whether  the  previous  work 
has  been  mastered  or  not.  But,  may  we  ask  ourselves,  in  which 
state  is  a child  better  prepared  for  an  e xamination  and  future 
work  in  arithmetic,  with  a perfect  mastery  of  the  fundamental 
processes  or  with  a general  knowledge  of  such,  in  addition  to 
the  same  11  smattering”  knowledge  of  a number  of,  to  him,  meaning- 
less  and  useless  processes?  Is  it  necessary  that  a teacher  be 
afraid  to  do  her  duty  and  will  she  continue  to  feel  bound  to 
teach  a store  of  useless  and  traditional  arithmetic  at  the  ex- 
pense of  a mastery  of  the  fundamentals  in  order  to  meet  the  re- 
quirements of  a standardized  test  and  a course  of  study? 

In  this  situation  it  was  finally  agreed  that  three  20  to 

30  minute  periods  per  week  be  reserved  for  corrective  drill  in 

the  arithmetic  fundamentals. 

D.  The  Diagnosis 
— 

After  the  tests  were  scored  the  children  expressed  a de- 
sire  to  see  them  in  order  to  see  their  scores  and  note  where 
they  made  their  mistakes.  Consequently,  each  child  was  given 
his  four  tests  and  a piece  of  paper  with  the  request  that  he 
write  on  the  paper  as  nearly  as  possible  what  his  errors  were 
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and  why  he  made  them.  This  required  correcting  the  examples 
that  he  had  missed.  As  to  reasons  for  errors  the  following 
general  suggestions  were  written  on  the  hoard. 

Addition 

Counting 

Did  not  know  facts  (write  down  the  ones  you  missed  with 
correct  answers) 

Carrying 

Decimals  (in  dollars  and  cents) 

Zero  (0)  caused  trouble 
Subtraction 

Facts  (Write  down  the  ones  you  missed) 

Forgot  that  you  borrowed 
Borrowed  when  unnecessary 
Borrowing  from  zero  (0) 

i 

Added  instead  of  subtracting 
Subtracted  top  from  the  bottom 
Multiplication 

Facts  (Write  dov/n  the  ones  you  missed) 

Carrying 

Decimal  (in  dollars  and  cents) 

Adding  partial  products 
Zero  (0)  in  the  multiplicand 
Zero  (0)  on  the  right  end  of  multiplier 
Zero  (0)  in  center  of  the  multiplier 
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Of  course  this  is  by  no  means  a comprehensive  list  of 
errors,  but  served  to  give  the  child  a simple  idea  of  how  to 
diagnose  his  own  errors.  The  purpose  of  this  procedure  was  to 
determine  whether  or  not  the  children  were  aware  of  their  dif- 
ficulties; and  also  in  order  that  each  child  might  have  a be- 
ginning list  of  his  own  difficulties  on  which  to  base  his  work.: 
It  was  thought  that  an  individual’s  list  of  errors  would  mean 
more  to  him  if  he  discovered  at  least  some  of  them.  In  many 
cases  the  children  were  found  capable  of  making  a fairly  good 
diagnosis  of  their  errors. 

After  the  children  had  made  an  attempt  to  list  their 
errors,  as  a means  of  general  motivation  they  were  asked  to 
think  of  reasons  for  wanting  100$  accuracy  in  the  fundamentals 
of  arithmetic.  Various  reasons  were  mentioned;  such  as,  they 
are  basic  to  all  other  work  in  arithmetic,  they  are  used  in 
every  day  life  on  occasions  where  accuracy  is  imperative,  etc. 
They  were  then  asked  to  think  of  working  people  who  used  arith- 
metic and  whose  mistakes  might  cause  serious  trouble  or  loss. 
Would  you  like  to  be  the  person  who  makes  such  mistakes  or  have 
such  a person  working  for  you  in  business? 

Following  this,  the  tests  were  recollected  and  a more 
complete  and  detailed  analysis  of  errors  made  and  charted  for 
each  child.  A chart  was  made  for  each  grade  such  as  is  seen 
in  Exhibit  A.  The  name  of  the  child  vms  placed  at  the  left  hanc 
side  and  the  scores  and  time  made  by  him  on  the  AP,  SP  and  MP 
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tests  placed  across  his  name.  It  may  be  noted  that  the  A3 
Test  score  is  not  recorded,  but  a diagnosis  of  this  test  was 
made  under  the  AP  diagnosis  since  they  are  both  addition  tests. 
If  the  A3  test  record  showed  an  unusually  long  time  it  was 
noted  that  the  child  was  slow  In  his  decade  facts.  After  and 
below  each  score  was  left  space  for  notations  and  diagnosis  of 
errors  made  on  that  process  by  that  child.  Sufficient  space 
v/as  left  to  make  notations  on  further  diagnoses  as  the  correc- 
tive work  progressed.  The  last  score  and  time  recorded  under 
each  name  represent  results  on  the  final  test  in  March.  It 
was  desired  to  include  this  on  the  chart  in  order  to  show  the 
gain  of  the  individual  In  score  and  time  after  the  corrective 
work. 

It  is  very  important  that  some  such  record  be  kept  for 
each  individual,  for  it  is  only  by  a detailed  knowledge  of  his 
errors  and  their  causes  that  we  can  give  a child  specific  drill 
in  what  he  needs.  A record  of  the  child fs  progress  shows  the 
teacher  how  much  more  drill  he  needs,  and  v/hen  he  may  pass  on 
to  drill  on  another  phase.  It  is  possible  that  the  child  be 
allowed  to  keep  his  own  progress  chart  to  an  advantage.  An 
attempt  on  his  part  to  detect  improvement  on  the  chart  is  likel; 
to  be  an  added  incentive  for  his  work. 

The  errors  noted  on  the  chart  are  possibly  self-explana- 
tory; however,  for  the  sake  of  clarity  some  explanation  will  be 
offered  here.  As  has  been  stated,  the  first  diagnosis  was  made 
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from  work  done  on  the  test.  Later  grades  on  further  testing 
were  added  along  with  a more  complete  diagnosis. 

As  for  addition,  most  of  the  errors  occurred  in  the  harder 
column  addition  examples.  When  it  was  impossible  to  determine 
the  exact  nature  of  the  mistake,  column  addition  was  merely- 
written  down  until  observation  could  reveal  the  specific 
trouble.  In  some  cases  it  was  quite  evident  that  a mastery  of 
the  primary  and  decade  facts  was  missing;  thus,  the  word  facts 
was  noted.  This  revelation  might  have  come  from  examining  the 
time  taken  on  the  A3  test,  or  from  the  child's  marking  counting 
and  hesitation  on  his  test.  Wherever  it  was  possible  to  desig- 
nate carrying  as  a cause  of  errors,  the  word  carrying  was 
written  by  the  name  of  the  Individual  having  trouble  with  that 
phase  of  the  process.  In  some  cases  the  decimal  point  between 
dollars  and  cents  was  omitted  and,  thus,  decimal  was  written 
on  the  chart. 

To  diagnose  specific  causes  of  difficulties  in  column 
addition  from  a test  is  almost  an  impossible  task.  There  are 
so  many  poor  habits  of  work  that  may  enter  a child's  addition 
of  columns  and  so  little  of  his  actual  work  and  ways  of  think- 
ing is  shown  that  further  diagnosis  from  observation  is  impera- 
tive to  effective  assistance.  It  would  seem  that  of  the  four 
fundamental  processes  addition  (especially  column)  lends  itself 
less  to  diagnosing  from  work  on  a test  than  any  of  the  others. 
There  are  more  steps  involving  work  that  is  not  recorded  than 
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In  any  other.  For  example,  observation  revealed  that  some 
children  made  mistakes  because  of  a short  attention  span;  that 
is,  they  would  add  half-way  up  the  column  and  then  forget 
their  sums.  Some  skipped  about  in  the  column  as  they  added. 
When  confronted  with  a column  reading  4+6  ♦2+8+3;  a 
child  might  think,  "I  know  4+2  better  than  I know  4 ♦ 6,” 
and  thus  he  will  add  4+2*6, 6+3*9,  9+8=  17.  After 
skipping  all  about  he  is  likely  to  forget  which  digits  he  has 
added  and  therefore  make  mistakes. 

Some  children  are  likely  to  be  found  breaking  unknown 
combinations  into  known  ones.  In  a column  reading  8 ♦ 3 + 6»-9 
he  may  think  8 ♦ 3 he  does  not  know  well;  he  breaks  9 into 
6 +3;  3+3*6;  6 +6  * 12;  break  8 into  4+4;  12  + 4 * 16; 
16  ♦ 4 = 20.  This  makes  a long  process  and  is  likely  to  in- 
volve mistakes  in  the  end. 

Other  children  had  no  consistent  method  of  adding  in  the 
carried  number.  Sometimes  they  added  it  in  the  beginning, 
sometimes  in  the  middle  and  sometimes  in  the  end  of  the  column. 
Therefore  they  frequently  forgot  to  add  it  at  all  or  else  added 
it  twice.  An  accumulation  of  this  type  of  information  requires 
observation  of  the  child  at  his  work  in  addition,  or  attention 
to  his  work  as  he  does  it  orally. 

Subtraction  difficulties  may  be  read  more  easily  from  a 
test  than  addition,  for  in  subtraction  more  of  the  child’s 
thinking  is  recorded.  Some  of  the  common  mistakes  found  in  sub 
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traction  will  be  explained  here. 

1,  A mastery  of  the  facts  was  lacking. 

2.  Subtracted  the  minuend  from  the  subtrahend  when  the 


first  figures  to  the  right  of  the  subtrahend  were  larger 
than  those  of  the  minuend 


14924 
- 7856 

“T(J3?T 


instead  of 


14924 
- 7856 


3.  Gaps  in  the  subtrahend,  such  as: 


869 
- 57 

TT~  - Failed  to  write  down  the  8 

4.  A number  minus  - zero  (0) 

7 

- 0 


5.  Borrowing  when  unnecessary 

instead  of 


8732 
- 4381 
3531 


6.  Forgets  that  he  borrowed 


7312 
- 4658 

7.  Double  borrowing 

732 

-545 

2 m 


instead  of 


instead  of 


8732 
- 4381 
335T 


7312 
- 4658 

mss 


732 
- 545 
1ST 


8.  Triple  borrowing  (similar  to  No*  7) 

9.  Borrowing  from  single  zero  (0)  double  zero  (0)  and 


triple  zero  (0) 

4301 
- 2684 


4001 

-2684 


4000 

-2684 


_____ 
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10.  Vanishing  left 


1268 

554 

TO? 


1268 
- 534 

TO? 


instead  of 


The  results  on  the  multiplication  tests  were  the  poorest 
of  all.  Lack  of  mastery  of  the  addition  decade  facts  played 
an  important  part  in  this,  for  carrying  in  multiplication  was 
responsible  for  a large  number  of  errors.  There  was  also  a 
decided  lack  in  mastery  of  the  multiplication  facts,  especially 
those  involving  zero  (0).  Adding  partial  products  caused  some 
trouble  * 

In  the  process  zero  (0)  proved  to  be  quite  a troublesome 
factor  in  many  ways. 

When  in  the  multiplicand 


807  8007 

x 22  x 22 

When  the  last  right  hand  figure  in  the  multiplier 

876  876  876 

x 220  x 1200  x 10 


When  in  the  center  of  the  multiplier 

877 

x202 


The  decimal  point  in  dollars  and  cents  proved  to  be  quite 
annoying,  especially  in  this  instance: 

#216 . 

42 

— - ■■  ■ 

In  some  cases  the  first  figure  of  a three  place  multiplier 
was  not  used,  while  some  added  it  Instead  of  multiplying  by  it. 
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As  has  been  already  Indicated  further  diagnosis  continued 
during  the  corrective  drill  periods.  As  the  children  worked 
in  their  groups  the  diagnostic  chart  was  carried  around,  the 
individual’s  errors  on  the  test  explained  to  him  and  other 
notations  made  about  his  work  as  he  worked  orally.  For  as 
Buswell  and  Judd  write,  "Diagnosis  is  incomplete  until  one 
finds  out  the  mental  processes  going  on  in  the  mind  of  the 
child  that  cause  him  to  commit  the  error. In  some  cases  it 
was  found  that  the  original  diagnosis  as  made  from  the  tests 
was  adequate  and  no  further  notations  were  made. 

One  fact  noticed  was  that  some  of  the  children  did  not 
possess  a meaningful  knowledge  of  arithmetical  terms,  and  as  a 
result  were  confused  and  puzzled  by  the  use  of  such  words  as 
plus,  minus,  combination,  decade  fact,  subtrahend,  multiplicand, 
e-tc.  This  seemed  to  be  a result  of  their  always  using  4 means 
add  and  - means  subtract. 

It  was  found  that  almost  all  of  the  children  either  countec. 
their  decade  facts  or  added  by  endings.  This  was  suspected 
from  the  length  of  time  that  pupils  required  for  taking  the  A3 
Test  and  was  verified  by  hearing  the  child  add  orally.  This 
fact  partially  explained  the  prevalence  of  many  mistakes  in 
column  addition,  for  obviously  there  were  very  few  mistakes 
caused  by  process  difficulties. 

1.  Buswell,  G.T.  and  Judd,  C.H.,  p.  91.  Summar:/-  of  Educational 
Investigations  Relating  to  Arithmetic"  Univ e rslty  of 
Chicago  "Press,  June  1926. 
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E.  Corrective  Procedures 

The  discovery  of  a weakness  of  many  children  on  the  funda- 
mental facts  of  the  three  processes  tested  suggested  one  thing 
flash  card  drills  for  all  pupils  showing  a need  for  such. 
Consequently,  some  of  the  children  were  asked  to  help  make 
flash  cards  for  each  room.  Large  sheets  of  cardboard  were  cut 
into  cards  measuring  4M  x 6".  The  300  addition  decade  facts, 
the  100  subtraction  facts  and  the  100  multiplication  facts  were 
carded. 

For  the  300  decade  facts,  the  combination  27  ♦ 4 = 
was  put  on  the  front  of  the  card  in  large  figures  made  with 
dark  crayons.  On  the  back  of  the  card  was  placed  the  combina- 
tion with  its  answer,  27  ♦ 4 * 31.  It  is  important  that  the 
combination  and  answer  be  placed  on  the  back,  so  that  the  leaded 
may  know  what  is  being  flashed  and  its  answer  immediately. 

This  not  only  speeds  up  the  drill,  but  also  provides  a means  of 
showing  the  child  the  answer  to  a combination  when  he  hesitates 
This  form  also  makes  it  possible  for  a child  to  flash  the  cards 
to  himself  and  then  turn  over  the  card  to  check  for  accuracy. 

Some  people  are  prone  to  question  the  value  of  writing 

the  decade  facts  27  t 4 = rather  than  27  since  in  life 

♦4 

situations  most  of  our  addition  presents  itself  in  column  for- 
mation. As  can  be  seen,  however,  the  latter  form  encourages 
counting,  and  when  a person  is  doing  column  addition  he  does 
not  have  this  form  written  before  him.  The  child  should  be  led 
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to  think  the  facts  immediately  and  mechanically  without  count- 
ing them.  This  mastery  is  necessary  to  accurate  column  addi- 
tion. 

The  cards  for  the  100  subtraction  facts  were  like  this 
7 7 

-3  on  the  front  and  -3  on  the  back.  Those  for  the  100 

"T  8 

multiplication  facts  were  similar  with  X4  on  the  front  and 

Q 

on  the  back, 

32“ 

It  was  found  that  with  about  six  exceptions  the  primary 
facts  in  addition  were  known.  These  people  either  counted  on 
their  fingers,  tapped  with  their  shoes  or  pencils,  or  clicked 
their  tongues  for  every  combination.  Otherwise  they  guessed 
at  the  answer  and  missed  it.  On  the  whole,  it  was  found  during 
individual  conferences  that  these  pupils  were  very  much  dis- 
couraged about  arithmetic;  especially  when  working  with  better 
workers  of  the  class.  The  slow  rate  at  which  they  worked,  as 
compared  to  other  members  of  the  class  annoyed  them.  They 
realized  that  they  were  weak  in  arithmetic  and  were  about  to 
accept  defeat,  for  they  were  frequently  told  by  their  teacher 
that  they  didn*t  know  any  arithmetic.  The  teachers  through  the 
grades  had  seemed  to  have  assumed  the  attitude  that  these  stu- 
dents were  weak  in  arithmetic  and  always  would  be  since  they 
had  not  learned  it  this  far.  The  children  either  accepted  this 
or  tried  to  defend  their  weaknesses  in  some  way.  For  example, 
Robert  could  not  add  even  3*1  without  counting  on  his  fingers 
When  approached  about  this,  he  said,  "Well,  my  mother  has  al- 
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ways  counted  on  her  fingers,  so  I do  too.” 

After  even  a small  amount  of  individual  attention  and  en- 
couragement, these  children  began  to  muster  up  confidence  in, 
and  enthusiasm  for  their  work.  It  may  be  noted  though  that 
constant  success  on  their  part,  encouragement  and  supervision 
was  necessary  to  keep  this  enthusiasm  alive.  Each  child  was 

i 

given  a card  containing  a group  of  facts  as  suggested  in  the 
Wilson  Addition  Drill  Book.  When  a child  had  studied  and 
learned  the  facts  on  his  card,  someone  in  his  group  checked  him 
on  them.  He  was  then  given  simple  column  addition  using  those 
facts.  If  he  showed  complete  mastery,  he  exchanged  cards  with 
someone  in  his  group  who  had  done  the  same  with  another  group 
of  facts. 

Robert,  who  had  counted  everything  and  who  seemingly  had 
developed  something  of  an  inferiority  complex  about  his  arith- 
metic, became  very  enthusiastic  and  worked  hard  to  get  out  of 
that  group.  He  took  a great  deal  of  pride  in  reciting  before 
the  class  in  order  to  show  them  that  he  knew  facts  without 
counting  them. 

Since  it  was  found  that  most  of  the  other  pupils  did  not 
know  their  decade  facts,  it  seemed  wise  to  have  the  rest  of  the 
class  in  each  of  the  four  rooms  drill  on  these  facts  with  the 
better  students  as  group  leaders.  Each  class  was  divided  into 
about  five  groups  of  five  each.  The  grouping  was  homogeneous 
according  to  test  scores  and  observation.  This  made  it  possible 
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for  the  teacher  to  have  the  weak  pupils  together  and  she  could 
spend  more  time  with  this  group  which  would  probably  need  her 
most.  The  children  were  not  told  that  they  were  in  the  slow 
group  but  they  did  realize  from  the  number  of  mistakes  and 
hesitations  that  they  had  made,  that  they  must  work  very  hard. 

Since  most  of  the  children  v/ere  unaccustomed  to  ?/orking 
in  groups  they  were  asked  what  would  happen  if  they  were  noisy. 

It  was  decided  that  each  group  must  work  quietly  in  order  not 
to  disturb  others.  A small  demonstration  group  was  brought  to 
the  front  of  the  room  and  cards  flashed  to  them  by  the  teacher 
in  order  that  they  might  understand  the  way  in  which  the  drill 
was  to  be  carried  on.  Every  student  of  the  group  was  urged  to 
think  the  answer  to  every  combination  flashed  instead  of  just 
his  own. 

As  the  groups  worked  with  their  leaders  the  teacher  went 
about  offering  suggestions  and  assistance  where  they  were  needed. 
If  a child  hesitated  or  gave  an  incorrect  response  to  a com- 
bination, he  was  given  the  card.  The  leaders  were  urged  to 
give  them  immediately  upon  hesitation,  for  hesitation  meant  one 
thing  - the  child  did  not  know  the  combination  and  was  counting 
it  out.  For  a uniform  time  exposure  of  the  card,  the  leader 
was  asked  to  count  1 - 2 to  herself  and  then  give  the  card  to 
the  pupil  if  the  correct  answer  had  not  been  given. 

The  flash  card  drills  lasted  from  fifteen  to  twenty 
minutes.  At  the  end  of  this  time  each  student  took  the  cards 
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he  had  been  given  to  his  seat,  copied  the  combination  with  the 
answer  in  a special  book  and  flashed  the  cards  to  himself  be- 
fore returning  them  to  the  pack.  Recognition  was  given  those 
pupils  who  had  received  no  cards  during  the  drill. 

For  those  who  received  many  cards  drills  were  provided  in 
an  attempt  to  show  them  how  the  decade  facts  were  related  to 
the  primary.  They  were  shown  that  547  would  have  the  same 
ending  as  15  4 7,  25  47,  35  4 7,  etc.  After  drills  on  endings 
they  were  shown  how  to  look  at  the  numbers  and  determine  whether 
or  not  the  answer  would  be  moved  into  the  next  decade.  Some 
of  the  children  discovered  that  they  could  do  this  at  a glance 
and  while  writing  the  first  number  of  the  answer  they  could 
decide  upon  the  ending.  Gradually  the  thought  of  the  whole 
answer  at  once  became  automatic. 

Some  of  the  children  seemed  to  have  had  difficulty  adding 
facts  involving  9.  They  were  led  to  find  out  through  various 
examples  such  as: 


9 

4 3 = 

12 

9 

4 4 = 

13 

9 

4 6 = 

15 

9 

4 6 c 

15 

9 

48* 

17 

9 

4 9 = 

18 

that  the  ending  for  any  number  added  to  9 was  always  one  less 
than  the  number;  and  that  any  number  added  to  9 other  than  0 
carried  the  answer  into  the  next  decade.  This  was  a great  help 
as  far  as  addition  was  concerned,  but  proved  to  be  a slight 
interference  when  they  came  to  subtraction.  Some  of  the  chil- 
dren were  found  trying  to  carry  over  the  same  practice  into  sub4 
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traction.  It  was  necessary  to  explain  that  in  subtraction  the 

14 

answer  was  one  more  as  g 


5“ 

When  a child  showed  that  he  knew  his  decade  facts  he  was 
given  practice  in  oral  addition  of  columns.  He  either  added 
to  a partner  or  to  the  teacher.  During  this  phase  of  the  work 
it  was  found  that  some  children  had  difficulty  in  transferring 
their  work  from  actually  seeing  the  combination  written  on  the 
card  to  the  thinking  of  it  as  is  necessary  in  column  addition. 
They  could  give  the  answer  to  the  combination  when  they  saw  it 
written  but  could  not  visualize  it  when  there  was  no  picture 
of  it  before  them. 

In  order  to  aid  in  this  transfer  and  also  to  check  in 
counting,  combinations  from  the  A3  Test  were  read  out  at  a 
fairly  good  speed  and  the  children  wrote  the  answers.  If  a 
child  did  not  know  the  answer  immediately  he  must  skip  that 
combination,  for  no  time  was  allowed  for  counting. 

Frequent  tests  were  given  in  order  to  re-group  individuals 
according  to  their  needs,  for  specific  teaching  according  to 
individual  needs  is  effective  teaching.  When  the  child  had 
mastered  his  addition  he  was  allowed  to  go  into  another  group 
and  work  on  subtraction  or  multiplication.  The  groupings  were 
made  on  the  basis  of  common  difficulties  and  emphasis  was 
placed  on  the  phase  of  work  in  which  weakness  was  exhibited. 

The  subtraction  groups  were  facts,  zero  difficulties,  and 
borrowing. 
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Since  many  of  the  multiplication  difficulties  came  from 
weakness  in  addition,  an  attempt  was  made  to  defer  drill  on 
multiplication  until  the  child  had  learned  addition.  When  an 
individual  was  ready  for  multiplication,  again  he  was  drilled 
i upon  his  weak  points  along  with  others  having  the  same  diffi- 
culties. Aside  from  addition  in  carrying,  most  of  the  trouble 
in  multiplication  centered  around  zeros  in  their  various 
positions . 

During  the  drill  periods  various  attempts  were  made  to 
vary  the  procedure.  Sometimes  the  cards  were  flashed  by  chil- 
dren in  pairs  instead  of  groups.  This  made  it  necessary  that 
the  pupil  answer  every  time  and  is  possibly  more  desirable  than 
flash  card  drills  in  groups. 

The  following  so-called  game  devices  were  tried  with  some 
degree  of  success. 

1.  The  Race  track. 
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A circle  is  drawn  on  the  board  with  the  numbers  around  it. 
This  is  the  race  track.  A number  is  chosen  by  the  group  for 
the  center.  For  addition,  the  leader  points  to  one  of  the 
numbers  around  the  circle.  The  person  indicated  gives  the 
answer  to  the  combination  of  the  center  number  plus  the  number 
touched,  for  example  28  4 9.  The  leader  points  to  the  numbers 
rapidly,  and  an  attempt  is  made  to  see  who  can  go  around  the 
track  without  hesitating  or  making  a mistake.  The  number  in 
the  center  is  changed  after  each  attempt.  The  same  plan  is 
followed  for  multiplication  and  subtraction. 

2.  Mixed  figures 

9 1 

7 3 0 

5 8 4 3 

6 S 

The  work  in  this  game  is  done  silently  by  the  group  until 
the  leader  calls  on  some  one  to  answer. 

The  figures  are  written  on  the  board  in  a mixed  fashion. 
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7 

8 
6 
5 

3 

4 


The  leader  may  point  to  two  figures  saying,  ’’Add" ; for  example, 

8 ♦ 5 * (13).  Then  she  points  to  another  figure  saying,  "Add" , 
meaning  to  add  cumulatively;  that  is,  13  plus  the  figure  pointed 
to,  say  9.  The  answer  then  is  22.  She  may  point  to  a 7 and 
say,  "Subtract",  meaning  22-7.  At  any  time  the  leader  may 
call  on  any  member  of  the  group  for  the  answer, 

3 . Adding 

The  leader  writes  a single  column  of  figures 
on  the  board  as  her  group  watches.  As  she 
writes  the  last  figure  and  draws  the  line,  who 
can  be  first  to  tell  the  correct  answer?  In 
order  to  check  the  work,  someone  add  the  column  aloud. 

4.  Each  row  is  a team  and  each  team  watches  carefully  all 
work  done  by  its  members.  The  first  one  in  each  row  goes  to 
the  board.  All  take  the  same  example  - multiplication,  sub- 
traction, or  addition.  The  one  finishing  first  with  the  cor- 
rect answer  scores  3 points;  others  who  get  it  correct  2 points; 
and  those  who  make  a mistake  but  is  corrected  by  a member  of 
his  team  before  time  is  called  score  1 point. 

The  children  were  very  enthusiastic  about  this  procedure 
and  by  careful  observation  in  an  attempt  to  correct  team  errors 
at  the  board,  some  were  able  to  discover  their  own  difficulties 
In  the  beginning  these  arrangements  were  demonstrated  to 
the  whole  class.  When  the  class  was  divided  into  groups  accord-) 
ing  to  their  needs  the  group  and  its  leader  chose  the  arrange- 
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merits  which  best  suited  its  work.  When  there  was  insufficient 
board  space  some  of  the  pupils  worked  at  their  seats  in  pairs 
on  the  various  processes.  When  working  in  pairs  it  seemed  that 
the  pupils  were  more  likely  to  find  and  understand  their 
errors • 

As  already  indicated  tests  were  given  frequently  in  order 
to  determine  progress  and  further  persistency  of  errors.  This 
served  as  a basis  for  re-grouping.  Sometimes  the  same  tests  - 
Wilson  3P,  4P  and  5P  were  given  several  times  to  the  same 
pupils.  They,  however,  seemed  to  realize  that  it  was  further 
practice  for  them  and  did  not  object.  Sometimes  when  there 
was  not  time  for  taking  the  whole  test,  examples  taken  from 
the  tests  were  given  and  results  carefully  checked.  Some  of 
the  teachers  made  large  charts  with  the  names  of  the  pupils 
and  the  tests  on  them.  When  a child  attained  a score  of  100 
on  a certain  test  he  received  a check  beside  his  name  and  under 
that  test.  The  pupils  worked  quite  diligentljr  and  were  enthu- 
siastic in  their  attempts  to  reach  the  goal  of  100$  on  the 
final  tests. 

P.  Results  of  Final  Testing 

During  the  week  of  March  14  the  same  Wilson  Tests,  AP, 

A3,  SP,  and  MP  were  given  just  as  they  v/ere  in  the  fall,  except 
for  the  fact  that  Form  1 of  AP  was  replaced  by  form  2.  Also, 
there  was  a change  in  the  recording  of  time.  Since  on  the  Fall 
test  no  child  checked  his  test,  it  seemed  desirable  for  the 
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sake  of  comparison  to  record  both  time  for  taking  the  test  and 
time  for  taking  and  checking  in  the  spring*  It  was  found  that 
the  emphasis  placed  upon  checking  during  the  corrective  work 
had  its  effect,  for  some  of  the  children  checked  twice  to  make 
sure.  Of  course  this  caused  the  time  to  increase  but  it  is 
hoped  that  this  helped  establish  a consciousness  of  the  import- 
ance of  accuracy,  and  time  in  checking  will  improve  with  accu- 
racy. 


After  the  tests  were  scored  summary  sheets  of  the  names  of 
the  pupils  accompanied  by  their  score  and  time  for  each  test 
were  made  for  each  grade  similar  to  those  made  for  the  Fall  or 
initial  tests.  The  time  for  these  final  tests.  Tables  XXVII 
to  XXXI,  is  recorded  In  the  first  column  following  the  score, 
as  time  required  to  take  the  test.  The  next  column  shows  the 
number  of  minutes  required  for  taking  the  test  plus  the  time 
taken  for  checking.  As  before  mentioned,  the  time  for  checking 
seems  unreasonably  long,  but  may  be  partially  explained  by  the 
double  checking.  For  checking  the  addition  the  children  added 
in  the  opposite  direction  from  what  they  did  the  first  time. 

If  they  added  up  first,  in  checking  they  added  down.  To  check 
their  subtraction  they  added  the  subtrahend  and  the  difference. 

The  method  that  some  of  the  children  were  found  using  for 
checking  multiplication  was  quite  interesting  to  the  writer, 
ffihis  may  best  be  explained  by  the  use  of  an  example  - 
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TABLE  XXVII 

SHOWING  THE  INDIVIDUAL  SCORES  ANDTTKET  ON1  EICH  TEST  IN  ROOM  R - FINAL  TESTING 
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circles  indicate  the  need  for  further  corrective  work 
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TABLE  XXX 

SHOWING  THE  INDIVIDUAL  SCORES  AND  TIME  ON  EACH  TEST  IN  ROOM  S - FINAL  TESTING 
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7*8*3*  18;  I can  not  use  a tv/o  digit  number;  from  the  18 

1 get  1*8*9;  write  the  9 on  the  left  side  of  the  cross, 
4*2*6.  This  is  a one  digit  number  and  I can  use  it  as  is; 
write  the  6 on  the  right  side  of  the  cross.  Using  these  two 
numbers  9 x 6 = 54.  The  5 * 4 ■ 9;  write  the  9 at  the  top  of 
the  cross.  Turning  to  my  answer  I have  3*2*8*8*6*27; 

2 * 7 ■ 9;  write  the  9 in  the  bottom  of  the  cross.  The  number 

at  the  top  and  bottom  of  the  cross  must  be  the  same,  or  else 
there  is  a mistake. 

The  pupils  were  allowed  to  check  the  way  they  liked  best 
or  could  do  best. 

Using  the  scheme  of  marking  all  scores  below  90  and  all 
| unsatisfactory  times  as  designating  pupils  needing  further  cor- 
rective drill,  it  is  possible  to  determine  the  number  of  pupils 
excused  from  further  corrective  drill  according  to  the  final 
testing.  From  Table  XXVII  in  Room  R there  are  20  from  a class 
of  31  who  would  be  excused  from  further  corrective  drill;  in 
Room  L (Table  XXVIII)  there  are  18  from  a class  of  33;  in 
Room  0 (Table  XIX)  there  are  8 from  a class  of  30;  and  In  Room 
S (Table  XXX)  there  are  9 from  a class  of  33.  This  makes  a 
total  of  55  pupils  who  would  be  excused  from  further  corrective 
drill. 

A comparison  of  these  results  with  results  based  on  the 
initial  testing  is  made  later  in  this  study. 
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Tables  XXXI  to  XXXXVII  show  the  distribution  of  scores 
and  time  for  each  test  in  each  grade  on  the  final  testing. 

The  tables  resemble  Tables  VI  to  XXII,  and  just  as  those  tables 
are  accompanied  by  the  median  score  and  time  for  each  distribu- 
tion and  the  percentage  of  children  making  each  score. 

It  may  be  remembered  that  the  time  in  minutes  is  written 
across  the  top  of  the  table  and  the  scores,  based  on  100/o,  are 
written  down  the  left  side.  The  numbers  across  from  the  scores 
and  below  the  time  represent  the  number  of  pupils  obtaining  tha*; 
score  In  that  time. 

It  is  possible  to  draw  lines  at  the  90  score  and  where 
the  time  becomes  unreasonable,  as  was  mentioned  in  a discussion 
of  previous  tables,  and  note  the  number  of  pupils  in  the  upper 
left  corner  of  the  table  that  could  be  excused  from  further 
corrective  drill.  Comparison  of  the  number  in  this  square  on 
the  initial  and  final  tests  will  be  made  later  in  the  study. 

The  foregoing  tables  (Tables  XXXI  to  XXXXVII),  giving  the 
results  in  score  and  time  for  each  test  in  each  grade  on  the 
final  testing,  are  brought  together  in  Tables  XXXXVII  to  LI. 
These  Tables  (XXXXVII  to  LI)  show  a distribution  of  score  and 
time  on  each  of  the  final  tests  for  the  four  sixth  grades  com- 
bined and  correspond  to  Tables  XXII  to  XXVI  which  summarize  the 
same  for  the  initial  test. 

Since  Tables  XXXXVII  to  LI  show  the  total  situation  for  th< 
four  sixth  grades  and  merely  summarize  Tables  XXXI  to  XXXXVII, 
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the  discussion  will  be  concerned  with  these  summary  tables 
rather  than  duplicating  by  making  an  attempt  to  discuss  each 
of  the  Tables  XXXI  to  XXXXVII. 

Examining  Table  XXXVII,  one  may  discover  that  of  the  127 
children  tested  54  or  42.5$  made  a score  of  100  on  the  final 
AP  Test  as  compared  to  6 or  4,7$  (See  Table  XXII),  receiving  a 
perfect  score  on  the  initial  or  Fall  test.  102  or  80.3$  of  the 
127  children  obtained  scores  above  90  on  the  final  AP  Test  as 
compared  to  41  or  32.3$  receiving  a score  above  90  on  the  ini- 
tial test. 

Table  XXXXVIII  shows  44  or  34.6$  of  the  127  children  test- 
ed with  a score  of  100  on  the  final  A3  Test.  On  the  initial  A3 
Test  21  or  16.5$  of  the  children  made  a score  of  100  (See 
Table  XXIII). 

From  Table  XXXXIX  it  is  found  that  57  or  44.9$  of  the  127 
children  tested  made  perfect  scores  on  the  final  SP  Test. 

Table  XXIV  shows  that  12  or  9.4$  of  these  children  made  perfect 
scores  on  the  initial  SP  Test.  On  the  final  test  there  were 

107  (84.5$)  scores  above  90  and  on  the  initial  test  there  were 
52  (30.9$)  scores  above  90. 

Table  L shows  the  results  on  the  final  MP  Test.  On  this 
final  test  32  or  25.2$  of  the  127  children  tested  made  perfect 
scores,  as  compared  to  3 or  2.4$  with  perfect  scores  on  the 
initial  test  (See  Table  XXV).  On  the  final  test  79  or  62.2$ 
of  the  scores  were  above  90.  On  the  initial  test  11  or  8.8$  of 
the  scores  were  above  90.  The  lower  scores  on  this  final  MP 
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Test  were  made  for  the  most  part  by  pupils  who  were  very  weak 
in  addition  and  subtraction  and  failed  to  get  to  drill  in  mul- 
tiplication. 

Although  these  distributions  by  no  means  show  entirely 
satisfactory  results  as  to  score  and  time,  there  was  a gain  in 
each  case.  This  will  be  discussed  further  in  a consideration 
of  the  median  score  and  time  for  each  test  on  the  initial  and 
final  testing. 

Table  LI  shows  a comparison  of  the  median  and  mean  scores 
and  time  for  each  of  the  initial  tests  with  the  same  for  the 
final  tests  for  the  four  sixth  grades  combined.  According  to 
the  means,  which  are  possibly  more  accurate  than  the  medians, 
there  was  a gain  of  10,4  points  on  the  AP  Test,  from  85,5  to 
95.9;  a gain  of  2,6  points  on  the  A3  Test  - from  96,7  to  99.3; 
a gain  of  11.2  on  the  SP  Test  - from  85.1  to  96.3;  and  a gain 
of  17.6  points  on  the  MP  Test  - from  74.7  to  92.3.  Are  these 
gains  significant? 

In  answer  to  the  above  question  the  Holsinger  formula 
used  in  a recent  thesis^  for  determining  the  significance  of 
the  percentage  difference  may  be  applied. 

The  formula  for  the  probable  error  of  the  percentage  is: 
P.E.  .6745  fTp  (100  - fp) 

f.p.  \J  N 


1.  Wilson,  Dorothy  W.,  ”What  Measures  People  Know  and  Why?”, 
p.82.  Master’s  Thesis,  Boston  University,  1936. 
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TABLE  LI 

SHOWING  A COMPARISON  OF  THE  MEDIAN  SCORES  AND  TIME  FOR  ALL  FOUR 
SIXTH  GRADES  ON  THE  INITIAL  AND  FINAL  TESTS.  THE  LOWER  HALF 
OF  THE  TABLE  SHOWS  THE  MEAN  SCORES  AND  TIME 

AP  A3  SP  MP 

Median  Score  Initial 

Testing  84  98  88  76 

Median  Score,  Final 

Testing  96  99.7  96  92 

Gain  12  1.7  8 16 

Median  Time  Initial 

Testing  11  23  9 14 

Median  Time  Final 

Testing  8 16  7 11 

Gain  3 7 2 3 

. 

Mean  Score  Initial 

Testing  85.5  96.7  85.1  74.7 

Mean  Score  Final 

Testing  95.9  99.3  96.3  92.3 

Gain  10.4  2.6  11.2  17.6 

. _ . _____ 

Mean  Time  Initial 

Testing  11.8  25.3  9.2  15.5 

Mean  Time  final 

testing  8.7  16.4  7.2  11.9 

Gain  3.1  8.9  2.0  3.6 

, 

. 

, 
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, 
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. 
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, I 
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and  then  the  formula  for  the  probable  error  of  the  percentage 


difference: 

P.E. 


\l( P.E.  of  1st  percent)2*  (P.E.  of  2nd 
(dif.)  v percent)2 


If  the  actual  difference  between  the  two  scores  is  more 
than  five  times  the  probable  error  of  the  difference,  the  gain 
is  significant,  statistically  speaking. 

To  illustrate  from  Table  LI,  the  initial  AP  Test  mean  was 

85.5 

P.E. 

(85.5) 


/ 85.5  (100  - 85.5)  - 0 t 

= .6745  N “TS7 • 


Therefore,  the  percentage  score  of  85.5  equals  85.5  _ 2.1 

the  fina! 

ij 

= .6745  "\J 


The  mean  score  on  the  final  AP  Test  was  95_.9. 

195.9  (100-95.9) 

P.E. 

(95.9) 


TS7  - 1.2 

Therefore,  the  percentage  score  of  95.9  equals  95.9  i 1.2 


P.E. 


(diff.) 


^(2.1)2  ♦ (1.2)2  * 2.4 


Therefore,  the  actual  difference  of  10.4  becomes  10.4  1 2.4 

Since  the  actual  gain  of  10.4  points  in  the  mean  is  not  as 
much  as  five  times  the  probable  error  of  the  difference  (2.4), 
statistically  speaking  the  gain  in  score  on  the  AP  Test  is  not 
significant. 

Applying  the  formula  to  the  mean  scores  on  the  A3  Test,  it 
is  found  that  the  gain  Is  not  significant.  It  may  be  noted  tha ! 
the  mean  score  on  the  initial  test  was  high. 

The  improvement  in  this  case  showed  more  in  the  time  than 
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in  the  score,  for  it  is  likely  that  many  of  the  children  count- 
ed on  the  initial  A3  Test.  It  is  also  possible  that  the  gain 
in  efficiency  on  the  decade  facts  (A3  Test)  are  responsible 
for  a large  part  of  the  improvement  on  the  AP  Test. 

Statistically  speaking,  the  gain  of  11*2  on  the  mean  score 
of  the  SP  Test  approaches  significance.  The  probable  error  of 
the  difference  was  2.3.  Five  times  this  is  little  more  than 
11.2. 

The  gain  of  17.6  on  the  mean  score  of  the  MP  Test  is  sig- 
nificant according  to  the  previously  stated  formula.  In  this 
case  the  probable  error  of  the  difference  was  3.1.  The  actual 
gain  of  17.6  is  more  than  five  times  the  3.1  and  therefore, 
significant. 

In  spite  of  the  fact  that  the  final  mean  score  for  the  MP 
Test  was  the  lowest  of  the  four  tests,  there  was  more  gain  on 
that  test  than  on  any  other,  for  the  initial  mean  was  low. 

The  greatest  improvement  in  time  was  on  the  A3  Test. 

By  the  use  of  the  above  Holiznger  formula,  the  signifi- 
cance of  the  gains  in  score  in  the  individual  rooms  may  be  fig- 
ured (Table  LII).  However,  since  the  small  number  of  children 
involved  causes  the  probable  error  (P.E.)  to  increase,  the  gain^ 
are  not  likely  to  show  significance. 

Although  there  was  not  a great  deal  of  difference  in  the 
gains  in  different  rooms,  a slight  difference  may  be  noted. 

The  gains  of  Rooms  R and  L are  some  better,  both  in  time  and 
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TABLE  LI I 

SHOWING  A COMPARISON  BY  GRADES  OP  THE  MEDIAN  SCORES  AND  TIME 
ON  THE  INITIAL  TESTS  WITH  THE  SALE  FOR  THE  PINAL  TESTS 


AP 

A3 

SP 

MP 

Room  R - 31  pupils 

f 

Median  Score 

1 

Initial  Testing 
Median  Score 

84 

99 

92 

76 

Final  Test 

100 

99.7 

100 

96 

Gain 

16 

. JL, 

.7 

8 

20 

Median  Time 
Initial  Test 
Median  Time 

11 

22 

8 

13 

Pinal  Test 

6 

13 

5 

9 

Gain 

5 

9 

3 

4 

Room  L - 

33  pupils 

Median  Score 
Initial  Test 
Median  Score 

84 

98 

88 

— 

76 

Pinal  Test 

96 

99 

96 

96 

Gain 

12 

1 

8 

20 

Median  Time 
Initial  Test 
Median  Time 

10 

22 

7 

14 

Final  Test 

7 

15 

5 

10 

Gain 

3 

7 

2 

4 

— i 

Room  0 - 

30  pupils 

Median  Score 
Initial  Test 
Median  Score 

84 

98 

84 

76 

i 

Final  Test 

96 

99 

96 

88 

Gain 

12 

1 

12 

12 

— | 

Median  Time 
Initial  Test 
Median  Time 

11 

20 

8 

13 

Pinal  Test 

8 

17 

7 

12 

Gain 

3 

3 

1 

1 

li 
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TABLE  LII  - 

(continued) 

I 

AP 

A3 

SP 

MP 

Room  S - 

33  pupils 

Median  Score 

Initial  Test 

84 

98 

88 

76 

Median  Score 

Final  Test 

96 

99 

96 

92 

Gain 

12 

1 

8 

16 

1 

Median  Time 
Initial  Test 
Median  Time 

14 

25 

10 

18 

Final  Test 

10 

20 

9 

13 

Gain 

4 

5 

1 

5 

t 


score  than  the  gains  of  Rooms  0 and  S.  The  drills  in  Rooms 
R and  L were  less  formal,  and  more  game  devices  were  used  than  j 
in  Rooms  0 and  S.  The  children  in  the  former  rooms  seemed  to 
have  been  more  highly  motivated  and  interested  in  their  OY/n 
improvements  than  in  the  latter  rooms. 

A case  of  individual  gain  of  a child  with  a low  I.Q.  may- 
be noted  with  interest.  Michael  (Table  III)  is  recorded  with 
an  I.Q.  of  86.  The  teacher  decided  that  he  was  regressing  men- 
tally and  sent  him  to  a psychoanalyst • During  the  test  it  was 
reported  that  he  showed  very  little  interest,  and  almost  fell 
asleep  in  the  midst  of  it.  Naturally  the  teacher  expected  very 
little  from  Michael.  Here  are  his  scores  for  the  tests: 


Initial  tests: 

AP  - 76 

A3  - 93 

SP  - 80 

MP-  60 

Final  tests: 

AP  - 88 

A3  -100 

SP  -100 

MP-  96 

There  was  very  little  improvement  in  time,  but  the  time  was  not 
really  bad.  From  this  example  it  is  not  possible  to  say  that 
all  children  with  low  I.Q. ’s  can  learn,  but  it  can  be  said 
that  the  belief  that  none  of  them  can  learn  is  untrue. 

Table  LIII  shows  the  corrective  load  based  on  the  initial 
testing  as  compared  with  that  based  on  the  final  testing.  On 
the  initial  testing  3 of  the  127  children  tested  were  excused 
from  corrective  drill  by  the  scheme  used  of  excusing  those  with 
scores  above  90  and  with  reasonable  times.  On  the  final  test- 
ing 55  of  the  127  children  would  be  excused  from  further  cor- 
rective work.  This  increase  in  number  excused  from  corrective 
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TABLE  LIII 

\ SHOWING  A COMPARISON  OP  THE  NUMBER  OF  PUPILS  THAT  WERE 

EXCUSED  PROM  CORRECTIVE  WORK  ACCORDING  TO  THE  INITIAL 
TEST  AND  THOSE  THAT  WOULD  BE  EXCUSED  ON  THE  FINAL 

TEST  ACCORDING  TO  THE  PREVIOUSLY  DESCRIBED  STANDARDS 


Room  R Room  L Room  0 Room  S Total 


No. 

Pupils  in  Room 

31 

33 

30 

33 

127 

No. 

Excused  on 
Initial  Test 

0 

0 

2 

1 

No. 

Excused  on 
Final  Test 

20 

18 

8 

9 

55 

No. 

100$  on 
Initial  Test 

0 

0 

0 

1 

T 1 

1 

No. 

100$  on  Final 
Test 

4 

5 

0 

1 

10 

, 


* 
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work  seems  quite  small,  but  may  be  partially  explained  by  the 
fact  that  some  of  the  children  were  slow  in  their  addition  and 
subtraction  and  had  very  little  time  left  for  corrective  work 
on  multiplication.  For  example  30  children  were  eliminated 
from  the  excused  list  by  multiplication.  That  is,  they  met 
standards  on  all  other  processes  but  failed  in  multiplication. 

It  is  possible  that  with  more  time  that  the  number  excused  could 
have  been  increased  considerably. 

The  number  obtaining  100$  on  all  of  the  fundamentals  tested 
increased  from  one  on  the  initial  testing  to  10  on  the  final 
testing. 
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III. 


CORRECTIVE  ARITHMETIC 


A DISCUSSION 


The  realization  of  the  need  for  corrective  work  in  arith- 
metic has  encouraged  several  previous  studies  to  be  made  in 
this  field  by  students  at  Boston  University.  In  1935  Edward 
Sales'*'  and  Roman  Pucko  2 showed  their  interest  by  a study  of 
the  childrens  errors  in  arithmetic  and  their  correction  in  the 
grades.  Children  were  tested  and  individuals  chosen  for  cor- 
rective work.  A careful  diagnosis  of  the  pupils*  errors  was 
followed  by  systematic  and  individual  drill  on  the  weaknesses 
discovered  in  the  fundamental  processes.  The  value  of  the  cor- 
rective work  showed  itself  in  the  marked  improvement  in  the 
mastery  of  fundamental  processes.  In  1936  Joseph  Randall  pre- 

I 

sented  an  account  of  corrective  work  carried  on  at  the  junior 
high  school  level. 

It  would  seem  that  one  of  the  major  problems  facing  our 
schools  today  is  that  of  inducing  teachers  to  dispel  the  pre- 
vailing idea  that  a certain  percentage  of  their  children  are 
unteachable  and  must  fail.  The  failure  of  a normal  child  in 

1.  Sales,  Edward.  "Diagnostic  and  Corrective  Measures  in  Ad- 
dition," Master *s  Thesis,  School  of  Education,  Boston  Uni- 
versity, 1935. 

2.  Pucko,  Roman.  "Five  Case  Studies  of  Arithmetic  Failures," 
Master’s  Thesis,  School  of  Education,  Boston  University, 

1935. 

3.  Randall,  Joseph.  "Corrective  Arithmetic  in  the  Junior  High 
School,  Master’s  Thesis,  School  of  Education,  Boston  Univer- 
sity, 1936. 
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school  Is  usually  due  to  failure  on  the  part  of  the  teacher  or 
teachers  before  her.  If  teachers  would  realize  this,  and  real- 
ize that  a failing  child  in  her  room  is  her  problem,  and  that 
this  problem  has  the  possibility  of  a simple  solution  if  she  is 
an  efficient  teacher,  better  teaching  will  certainly  prevail. 
Many  teachers  would  be  surprised  at  the  improvement  that  will 
result  from  even  a small  amount  of  time  spent  in  encouraging  and 
helping  a slow  child  v/ho  makes  many  mistakes  and  finds  it  diffi- 
cult to  keep  up  with  the  class. 

Corrective  work  consists  of  re-teaching  that  which  the 
child  failed  to  master  during  the  initial  presentation  and  drill 
or  what  he  has  since  forgotten.  "The  fundamental  thesis  of  cor- 
rective arithmetic  is  the  idea  that  the  function  of  the  teacher 
is  to  help  the  child  to  learn  things  of  value  in  arithmetic 
which  he  is  capable  of  learning,  but  has  not  learned  or  has 
forgotten.  The  problem  of  every  teacher  consists,  therefore,  in 
finding  out  what  the  pupils  of  a given  grade  need  to  learn  and 
can  learn  and  how  they  may  best  learn  lt."^  A discovery  and 
diagnosis  of  pupils  errors  requires  a scientific  procedure  on 
the  part  of  the  teacher.  "An  essential  characteristic  of  an  ex- 
pert is  his  ability  to  diagnose  difficulties  better  than  ordin- 

Q 

ary  people  can."  We,  as  teachers,  should  train  ourselves  to 
be  experts,  able  to  diagnose  as  does  a specialist  in  medicine. 


1.  Osburn,  W.J.,  op.  cit,  100 

2.  Ibid.,  40. 
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The  fact  that  the  same  errors  are  made  by  many  children 
tends  to  prove  that  these  are  not  chance  errors  resulting  from 
carelessness*  Observation  of  children’s  work  shows  definite 
and  persistent  type  errors.  A classification  of  these  errors 
makes  it  possible  to  devise  a method  of  meeting  these  typical 
difficulties.^ 

The  teacher  of  arithmetic  should  surely  be  aware  of  these 
errors  and  prepared  to  diagnose  difficulties  accordingly.  For 
the  teacher  who  is  not  sufficiently  experienced  in  diagnosing 
difficulties  in  arithmetic  it  will  be  wise  for  her  to  acquaint 
herself  with  some  of  the  lists  of  children's  errors  in  the  funda 
mental  processes  that  have  been  devised  from  results  of  a number 
of  observations  and  experiments.  In  some  cases  a list  of  errors 
accompanies  the  diagnostic  test. 

With  these  possible  errors  in  mind  the  teacher  may  begin 
her  initial  diagnosis.  This  may  begin  with  or  even  precede  the 
administering  of  tests. 

As  the  teacher  begins  searching  for  a test  that  will  suit 
her  particular  needs  she  will  find  several  types  in  the  field  of 
arithmetic.  There  are  the  survey  tests,  such  as  the  Courtis 
Standard  Research  Test,  which  make  possible  a comparison  of  the 
achievement  of  individuals  of  her  class  and  her  class  median  with 
the  standards  or  norms  for  that  level.  There  are  inventory  tests 


1.  Osburn,  W.J.,  op.  cit.,  32 
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in  the  fundamentals,  such  as  the  Courtis  Standard  Practice  Testa 
that  contain  examples  of  different  types  in  a single  process, 
hut  are  not  sufficiently  comprehensive  to  he  used  alone  as  a 
diagnostic  tool.  There  are  also  scales,  such  as  the  Woody  Ariti} 
me  tic  Scales,  which  have  as  their  purpose  the  measuring  of  the 
arithmetical  ability  or  level  of  progress  of  children. 

For  the  most  part  standard  tests  only  indicate  a weakness 
or  the  symptoms  of  a weakness  in  a certain  fundamental  hut  fail 
to  reveal  to  the  teacher  in  what  phase  of  the  process  that  weak- 
ness prevails.  For  example,  there  are  a number  of  factors  that 
may  cause  a weakness  in  addition.^  A pupil  may  he  weak  in 
knowledge  of  facts,  attention  span,  carrying  or  other  factors, 
any  one  of  which  could  cause  him  to  make  a poor  showing  in 
addition.  Therefore,  although  the  standard  tests  are  helpful 
for  obtaining  general  information  about  the  work  of  the  child- 
ren, they  do  not  promote  effective  corrective  work,^ 

The  fact  may  also  he  mentioned  that  standard  tests  usually 
include  a number  of  examples  involving  so-called  useless  pro- 
cesses. In  the  event  that  the  standard  tests  are  used  for  diag- 
nostic purposes,  such  examples  should  he  omitted  and  only  those 
involving  the  four  fundamental  processes  he  used. 

For  locating  the  exact  nature  of  the  difficulty  confronting 
the  child  the  teacher  will  find  it  necessary  to  use  diagnostic 


1.  Kallom,  Arthur,  "The  Importance  of  Diagnosis  in  Educational 
Measurement";  Journal  of  Educational  Psychology,  10:1-12,1919 

2.  Beattie,  Louise,  "Analysis  and  Evaluation  of  Standardized 
Tests  in  Arithmetic".  Master’s  Thesis,  Boston  University  1933 
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tests*  She  should  train  herself  to  be  an  expert  at  choosing  or 
creating  her  diagnostic  tests,  for  all  tests  are  not  good  ones. 

A test  does  not  consist  merely  of  examples  thrown  together  in  a 
haphazard  way,  but  a carefully  planned  set  of  examples  designed 
to  meet  a specific  purpose. 

Before  choosing  a test,  the  teacher  may  profit  by  being 
critical  of  the  tests  she  examines  and  analyzing  them  carefully 
in  order  to  determine  their  weak  and  strong  points.  She  should 
find  out  whether  or  not  all  facts  are  covered,  and  the  plan  for 
coverage  of  the  process  difficulties  by  steps.  In  order  to  do 
this,  it  is  of  course  necessary  that  the  teacher  possess  a know- 
ledge of  the  facts  and  process  steps  in  each  fundamental  process, 
In  the  end  she  should  be  prepared  to  choose  a test  with  a com- 
prehensive check  on  facts  and  a number  of  examples  involving 
each  step  difficulty  and  arranged  so  as  to  determine  wherein 
the  weakness  of  a child's  work  lies. 

The  results  of  diagnostic  tests,  however,  should  not  satis- 
fy the  teacher  as  showing  an  efficient  and  complete  diagnosis 
of  difficulties.  The  tests  designate  students  needing  attention 
and  where;  but  the  diagnosis  from  test  results  cannot  be  depend- 
ed upon  completely  and  entirely.  From  the  results  of  such  tests 
it  is  possible  for  the  teacher's  inferences  to  be  incorrect. 

The  pupil  may  a rrive  at  the  correct  answer  in  the  end,  but  only 
after  a long  procedure  and  an  exercise  of  faulty  habits  that  are 
detrimental  to  regular  accuracy.  Tests  do  not  reveal  the  meth- 
ods that  pupils  employ  in  doing  their  work,  that  make  them  de- 
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ficient  in  various  phases  of  arithmetic.  Therefore,  diagnosis, 
to  be  complete,  should  be  carried  further.  Certain  symptoms 
found  existing  by  the  diagnostic  tests  should  be  investigated 
in  order  to  determine  what  habits  the  child  has  acquired  in 
doing  his  work  that  lead  him  to  make  mistakes. 

The  accumulation  of  this  additional  information  concerning 
the  specific  causes  of  the  child* s difficulties  may  be  a result 
of  two  procedures.  The  daily  written  work  of  the  child  may  be 
analyzed  for  persistent  errors,  and  the  child  may  be  observed 
at  his  work  and  asked  to  work  orally.  For  the  latter,  individ- 
ual conferences  or  observations  of  work  will  be  necessary.  Part 
of  the  conference  period  may  be  used  profitably  in  motivating  an 
effort  on  the  part  of  the  child.  The  teacher  may  help  him  to 
build  up  a confidence  that  he  can  succeed  and  enthusiasm  for 
wanting  to  correct  his  errors.  During  the  conference  the  child 
should  be  made  to  feel  at  ease  by  the  friendly  atmosphere  set 
by  the  teacher.  "The  development  of  proper  attitudes  toward 
one  * s work  is  as  important  as  is  the  acquisition  of  knowledge 
itself 

As  the  child  works  during  these  conference  periods  it  is 
important  that  the  teacher  hear  him  "think”  aloud,  for  no  diag- 
nosis is  complete  that  does  not  reveal  the  mental  processes  that 
cause  the  child  to  make  errors.  It  would  seem  that  the  schools 


1.  Anthony,  Kate,  et.  al.  "The  Development  of  Proper  Attitudes 
Toward  School  Work".  School  and  Society,  2:926,  Dec.  1915. 
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should  insist  upon  the  teacher’s  teaching  purposefully,  and 
specifically.  This  kind  of  teaching  can  not  he  done  until  the 
teacher  understands  the  processes  by  which  the  pupil  is  doing 
his  work  and  the  difficulties  which  he  encounters. 

Of  course  these  measures  take  time,  but  "any  method  of 
diagnosis  emphasizes  the  individual.  Depending  on  averages  and 
citing  averages  ignores  and  covers  up  the  individual."-*-  The 
trouble  can  not  be  located  through  class  drills.  The  teacher 
must  observe  pupils  individually  as  they  work  instead  of  sitting 
at  her  desk  and  doing  something  else.  The  data  secured  on  each 
child  as  she  goes  about  the  room,  or  observes  should  be  care- 
fully recorded  as  a supplement  to  that  obtained  from  the  diag- 
nostic tests.  The  teacher  should  have  a record  plan  permitting 
her  to  note  specific  needs  of  each  pupil. 

The  diagnosis  should  be  follov/ed  by  individual  and  system- 
atic drill  on  the  child’s  own  difficulties.  With  the  individual 
errors  recorded  and  in  the  mind  of  the  teacher,  the  teaching 
should  be  specific.  Diagnosis  should  be  a lead  to  teaching; 
that  is  it  should  be  a means  of  determining  what  to  teach,  to 
whom,  and  how. 

Doubtless  there  would  be  general  agreement  among  workers 
in  the  field  that  what  we  need  is  not  so  much  emphasis  on  cor- 
rective work  in  arithmetic,  but  on  preventative  work.  Of  course 


1.  Xallom,  A.  W.,  op.  cit.  p.  12 
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if  teaching  has  been  such  that  the  child  demands  corrective 
work,  this  work  should  surely  be  done,  but  such  situations  shoul 
not  exist.  If  the  arithmetic  program  is  worked  out  carefully 
and  adjusted  to  the  needs  of  the  individual  child  all  through 
the  grades,  it  is  highly  probable  that  no  corrective  work  will 
be  necessary*  In  order  to  plan  a program  that  fits  the  individ- 
ual needs  of  the  child  and  prevents  confusion  on  his  part,  the 
teacher  and  planner  of  the  program  must  be  aware  of  some  of  the 
reasons  children  fail.  As  a phase  of  arithmetic  closely  related 
to  corrective  work  some  of  the  causes  of  failure  in  arithmetic 
will  be  discussed  at  this  point. 
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IV.  CONCERNING  THE  CAUSES  OF  CHILDREN'S  FAILURES 


IN  ARITHMETIC 

There  are  possibilities  that  many  factors  may  be  causes  con- 
tributing to  the  failure  of  children  in  any  subject.  First  of 
all  the  physical  fitness  of  the  child  must  be  considered.  He 
can  not  learn  if  he  lacks  the  innate  capacity  of  learning. 

Neither  can  he  learn  if  he  is  sick,  hungry,  or  suffering  from 
some  physical  handicap.  The  emotional  condition  of  the  child 
as  affected  by  his  individual  nature,  family,  or  the  people 
around  him  must  be  recognized  as  contributing  to  his  failure  or 
success.  Often  children  are  expected  to  learn  when  they  are 
living  under  strained  conditions.  The  problem  facing  the  child 
may  not  seem  large  to  the  adult,  but  to  the  child  it  is  import- 
ant and  he  needs  patient  and  sympathetic  guidance  in  overcoming 
it  before  there  is  an  attempt  to  further  burden  him  with  work. 

Recently  there  have  been  a number  of  discussions  and  ex- 
periments carried  on  in  an  attempt  to  determine  the  correct,  or 
best  time  for  the  introduction  of  systematic  drill  in  the  arith- 
metic program.  Some  educators  say  second  grade  and  some  say 
third,  while  the  most  general  practice  seems  to  be  that  of  be- 
ginning some  systematic  drill  on  arithmetic  facts  in  the  last 
part  of  the  first  grade.  Results  of  various  experiments,  how- 
ever, would  lead  us  to  question  the  value  of  the  latter  practice,, 

1.  Wilson,  G.M.,  "New  Standards  in  Arithmetic:  A Controlled  Ex- 
periment in  Supervision”.  Journal  of  Educational  Research, 
22:351-359.  December  1930.  ==-+  ..  . 
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Investigators  in  the  field  have  suggested  that  serious  causes 
of  arithmetic  difficulties  may  he  traced  to  the  beginning  of 
systematic  drill  before  the  child  is  prepared  for  it. 

One  of  the  major  requisites  of  good  drill  is  that  it  be 
meaningful  to  the  learner.  When  a child  first  enters  school, 
he  usually  has  not  had  experiences  that  equip  him  with  an  arith- 
metical vocabulary,  informational  background,  and  number  con- 
cepts necessary  to  meaningful  drill  in  the  arithmetic  fundamen- 
tals. A knowledge  of  this  would  suggest  that  a considerable 
time  be  spent  in  the  beginning  in  an  attempt  to  furnish  the  chili, 
with  various  number  experiences  through  informal  devices.  Thus, 
just  as  a reading  readiness  is  built  up  during  the  period  pre- 
vious to  the  childfs  beginning  to  read,^”  it  seems  that  the  same 
law  of  readiness  would  be  applied  in  building  up  an  arithmetical 
readiness  before  systematic  drill  is  introduced. 

Without  this  background  of  preparation,  systematic  drill  is 
usually  introduced  before  the  child  is  sufficiently  mature  to 
sense  number  concepts,  and  even  before  any  attempt  has  been  made 
to  build  up  number  concepts.  It  is  not  an  easy  matter  for  a 
child  to  transfer  from  his  usual  manner  of  thinking  in  terms  of 
the  concrete  to  the  abstract.  It  is  difficult  for  him  to  realize 
that  the  number  symbol  6 represents  six  concrete  objects,  unless 
there  is  a conscious  effort  on  the  part  of  the  teacher  to  assist 

1.  Pennell,  M.E.,  and  Cusack,  A.  M.,  "The  Teaching  of  Reading 
for  Better  Living,  p.  5.  Houghton  Mifflin  Co.  1935. 
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the  child  in  making  this  transfer  he  does  not  do  so  readily. 

If  he  is  left  to  make  the  adjustment  alone  he  is  often  confused 
and  as  a result  conceives  the  idea  that  arithmetic  is  too  hard 
for  him  to  learn.  His  lack  of  number  concept  will  cause  lack 
of  confidence  in  his  ability  to  learn  facts  presented,  and  he 
is  likely  to  resort  to  guessing  in  counting. 

In  order  to  avoid  the  existence  of  this  undesirable  situa- 
tion the  initial  work  in  arithmetic  should  be  thought  through 
and  planned  carefully  and  scientifically.  We  must  recognize 
the  mental  capacities  of  a child  and  adapt  our  materials  and 
methods  of  instruction  to  the  child.  The  level  of  maturity  of 
the  child  should  be  considered  and  the  child  protected  from  a 
feeling  of  confusion  and  failure  by  the  teacher’s  refraining 
from  presenting  material  too  complex  for  his  mental  level. 

In  thelight  of  this  thinking  it  has  been  suggested  that 

s 

the  arithmetic  for  grades  I and  II  be  devoted  entirely  to  the 
building  up  of  a rich  background  of  experience  with  numbers. 

This  background  is  to  be  built  up  through  the  child’s  participa- 
tion in  various  informal  number  experiences  and  informational 
units  that  are  functional  to  the  child  in  that  he  sees  a real 
need  for  them.  The  child’s  desire  to  learn  arithmetic  and  liking 
for  it  is  built  up  through  his  desire  to  participate  in  various 
activities  and  dramatizations.  This  program  is  suggested  as  an 

attempt  to  eliminate  meaningless  drill  from  the  arithmetic  pro- 

1 

gram. 


1.  Woody,  Clifford,  MWhen  Shall  Systematic  Instruction  in  Arith- 
metic Begin?”  Educational  Method,  16:166.  January  1937. 
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In  many  cases  failure  in  arithmetic  may  be  attributed  to 
the  fact  that  the  teacher  has  no  systematic  drill  procedure. 

She  fails  to  think  through  the  difficult  steps  involved  in  the 
processes  and  has  no  basis  for  a definite  teaching  program. 

This  lack  of  knowledge  of  the  difficulties  involved  renders  the 
teacher  unable  to  anticipate  mistakes  that  will  be  made  by  the 
child  and,  therefore,  the  child  is  allowed  to  encounter  these 
difficulties  before  he  is  prepared.  As  a result  the  child  makes 
mistakes  and  through  his  own  thinking  or  help  at  home  devises 
cumbersome  methods  of  work  that  may  become  serious  handicaps. 

For  instance,  if  he  does  not  know  his  combinations,  he  may  be- 
gin to  count,  may  break  up  unknown  combinations  into  known  ones, 
or  he  may  skip  about  in  the  column  as  he  adds.  Since  the  teach- 
er has  no  systematic  presentation  of  new  material,  the  child  de- 
velops no  consistent  method  of  attack  in  working  an  example  and 
mistakes  may  result. 

A mistake  is  serious,  for  once  it  occurs  we  are  never  sure 
that  it  will  not  be  made  again  in  just  the  same  way.  Childrens 
errors  are  rarely  matters  of  carelessness-*-  and  should  not  be 
treated  as  such.  Are  we  as  teachers  conscious  of  the  fact  that 
our  methods  of  teaching  arithmetic  are  in  many  cases  leading  or 
allowing  children  to  make  mistakes  and  that  we  are  creating  for 
ourselves  the  task  of  later  correcting  these  errors?  Do  we  real- 


1.  Myers,  G.C.,  The  Prevention  and  Correction  of  Errors,  p.  9. 
Plymouth  Press",  Chicago,- "1925. 
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ize  that  once  mistakes  and  faulty  habits  occur  it  is  important 
to  detect  and  correct  them  immediately?  This  correction  comes 
through  the  substitution  of  a more  desirable  habit  for  the  less 
desirable.  We  induce  the  child  to  accept  the  new  by  showing 
him  why  it  is  better  and  more  desirable  than  the  old. 

In  order  to  help  the  teacher  with  a uniform  and  systematic 
procedure  of  teaching  arithmetic,  many  studies  have  been  made 
in  recent  years  to  determine  the  necessary  number  facts  to  teach), 
and  the  steps  of  difficulty  within  the  fundamental  processes. 
These  studies  have  resulted  in  a better  arrangement  of  arith- 
metic material  in  some  text  books  and  therefore,  better  instruc- 
tion for  those  who  have  heeded.  For  example,  Wilson  has  set  up 
a plan  for  perfect  mastery  of  the  four  fundamental  processes  in 
which  he  shows  the  exact  steps  in  teaching  each  process.  The 
steps  are  so  arranged  with  increasing  difficulty  that  with  care- 
ful presentation  any  child  of  sufficient  maturity  should  be  able 
to  grasp  them.1 2 

Another  common  fault  of  teaching  that  causes  failure  is  tha 
of  going  too  rapidly.  Often  a new  step  or  process  is  intro- 
duced before  the  old  is  mastered.  This  tends  to  weaken  the  bond 
of  the  first  and  general  confusion  ensues,  sometimes  resulting 
in  despair  on  the  part  of  the  child.  For  example,  in  learning 
facts  a child  may  know  that  643=9;  but  the  introduction  of 

7 ♦ 3 * 10  will t end  to  weaken  the  former  bond  of  response  until 
both  are  mastered.^ 


1.  Wilson,  G.M. , Teacher!s  Manual  for  100$  Accuracy  Drill  Books, 
MacMillan  Co.,“ITeW  Y0I*K,"1933. 

2.  Myers,  G.C.,  op.  cit«,  p.  30. 
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Confusion  of  processes  may  result  from  a too  early  Intro- 
duction of  examples  involving  mixed  processes.  This  would  sug- 
gest that  we  center  the  attention  on  one  process  until  that  is 
learned  and  then  go  on  to  the  next;  and  that  we  make  sure  that 
the  basic  fundamentals  are  practically  automatic  before  we  begin 
others.  To  illustrate,  addition  and  subtraction  should  be  taught 
perfectly  before  beginning  multiplication  and  division. 

Difficulties  in  arithmetic  sometimes  follow  when  a child 
is  absent  from  school  or  changes  schools.  When  he  starts  in 
again  time  and  trouble  is  not  taken  to  find  out  where  he  is  and 
what  he  needs.  As  a result  teaching  is  not  done  according  to 
his  needs  but  he  is  pushed  ahead  before  he  is  prepared  to  learn 
the  new. 

Children  vary  in  their  rates  of  learning  and  some  of  the 
group  need  more  time  to  master  a step  than  others.  Too  often 
the  small  failing  group  in  a class  is  overlooked,  and  the  pace 
of  classwork  is  set  for  the  whole  class  by  the  brighter  group. 

This  is  indeed  unfortunate,  for  each  pupil  should  master  funda- 
mental number  combinations  and  relationships  as  they  are  intro- 
duced and  before  he  attempts  to  go  further."*” 

Sometimes  failure  to  master  the  fundamentals  is  not  caused 

by  the  lack  of  time  spent  on  such  but  ineffective  use  of  the  time. 

Poor  drill  is  worse  than  no  drill,  for  poorly  managed  drills 



1.  Sath,  M.  R.,  "A  Study  of  a Pupil  Retarded  in  Arithmetic"; 

Elementary  School  Journal,  29:44.  February  1929. 
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tend  to  perpetuate  errors,-1-  Too  often  drill  periods  are  arrang- 


ed before  the  children  have  learned  the  facts  adequately  enough 
to  be  ready  for  drill.  As  a result  it  is  not  assured  that  the 
correct  response  will  be  given  and  the  child  is  encouraged  to 
guess  at  answers,  often  giving  the  incorrect  response.  If  he 
does  not  do  this  he  is  sometimes  encouraged  by  the  teacher  to 
think  or  reason  out  answers  that  he  does  not  know.  It  must  be 
remembered  that  responses  to  combinations  provide  no  field  for 
reasoning  after  the  initial  presentation  and  understanding,  for 

p 

one  does  not  want  to  stop  and  reason  out  combinations  in  life. 

The  child  must  be  taught  to  respond  to  the  facts  correctly  and 
automatically  in  order  thaT he  may  use  them  effectively  when 
reasoning  about  other  things.  During  the  drill  period,  there-  | 
fore,  if  a child  does  not  know  the  answer  immediately,  it  should 
be  shown  to  him;  for  reasoning,  amounting  to  counting  in  the  end, 
has  no  place  in  learning  answers  that  should  become  automatic. 

Often  accuracy  in  drills  is  sacrificed  for  speed.  Our 
drills  should  require  that  accuracy  precede  speed  and  that  speed 

3 

be  obtained  through  accuracy  of  automatic  responses. 

We  must  not  only  see  that  the  child  masters  the  facts  in- 
volved, but  that  he  is  also  given  abundant  practice  for  the  re- 
tention of  those  facts.  "After  a mathematical  fact  has  been 


1.  Myers,  G.G.,  op.  cit.  p.  9. 

2.  Osburn,  W.J.  and  Buckingham,  B.R.,  op.  cit.  pp.  121-122. 

3.  Myers,  G-.C.,  The  Prevention  and  Correction  of  Errors  in  Arithj 
me  tic,  p.  16;~ Plymouth  Press,  Chicago,  1925. 
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taught  and  pupils  have  shown  that  they  understand  it,  they  must 

•i 

use  it  again  and  again  until  they  are  its  masters.  We  must 
guard  against  relapses  of  learning  caused  by  lack  of  use. 

Observation  of  work  in  the  various  schools  reveals  the  fact 
that  teachers  set  out  to  teach  the  arithmetic  assigned  to  their 
particular  grades  with  no  thought  of  reviewing  the  work  of  pre- 
vious grades,  or  even  checking  to  see  if  the  children  are  masters 
of  this  work.  The  average  fourth  grade  teacher  is  satisfied  to 
believe  that  the  third  grade  teacher  has  taught  all  of  the  addi- 
tion and  subtraction  facts  that  the  child  needs  to  know  and  that 
she  need  not  be  bothered  with  teaching  them.  In  many  cases 
teachers  in  the  grades  do  not  possess  a definite  knowledge  of 
the  facts  and  process  steps  to  be  mastered  by  the  children.  They 

give  tests  that  reveal  mistakes  in  the  fundamental  processes, 

■ 

but  they  attribute  these  mistakes  to  the  carelessness  of  the 
child  and  proceed  to  administer  more  tests  with  no  thought  of 
corrective  drill.  One  could  hardly  call  it  an  unwise  procedure 
to  hold  fLve-minute  drill  periods  on  the  fundamental  number 

p 

facts  before  each  arithmetic  lesson. 

To  be  effective,  drill  must  be  meaningful  and  purposeful. 

The  purpose  of  a particular  drill  exercise  should  be  determined 
before  it  is  given  and  it  should  be  given  with  a view  to  specific 


1. 


2. 


Kendall,  C.N.  and  Mirick,  G.A.,  How  to  Teach  the  Fundamental 
Subjects , p.  195;  Houghton  Mifflin  Co.,  BUST; on  1915. 


Brown,  J.C,  and  Coffman,  L.D.,  How  to  Teach  Arithmetic,  p.81; 
Row,  Peterson  and  Co.,  New  York,  1914. 
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needs  felt  by  a particular  group  of  pupils.  Drill  only  those 
pupils  needing  drill  and  check  constantly  to  see  if  drill  is 
producing  accurate  results,^  Concert  drills  are  usually  unde- 
sirable for  producing  accurate  results.  Drill  on  facts  that 
should  become  automatic  should  be  frequent  and  sufficiently  in- 
dividualized. 

Another  cause  for  children's  failures  in  arithmetic  may  be 
attributed  to  an  over-crowded  curriculum.  Teachers  feel  that 
they  are  not  performing  their  duties  if  they  do  not  teach,  or 
try  to  teach,  all  of  the  traditional  arithmetic  formerly  assigned 
to  their  respective  grades.  They  have  a fear  of  seeing  children 
in  their  grades  go  down  on  the  scores  of  standardized  tests  be- 
cause they  have  failed  to  teach  the  examples  contained  therein, 
although  the  children  will  never  use  them  outside  of  school.  If 
the  drill  load  to  be  mastered  is  too  heavy  and  an  attempt  is 
made  to  cover  too  much  in  a too  short  time,  the  child  is  fre- 
quently left  in  vague  confusion  and  masters  no  part  of  the  pro- 
gram. 

Arithmetic  formerly  used  up  one  fourth  of  the  school  day, 

A large  amount  of  useless  material  was  included  in  the  arithmet- 
ic program,  and  as  a result,  there  were  far  too  many  failures. 
Working  long  complicated  and  involved  arithmetic  problems  was 

1,  Kendall,  C.N,  and  Mirick,  G.A.,  op,  cit.,  p.  196, 


considered  by  some  to  be  a good  form  of  mental  discipline.  Thus 
many  problems  of  this  nature  were  found  in  the  textbooks  of  the 
time.  Examples  involving  such  processes  as  mensuration,  cube 
root,  ratio  and  proportion,  reductions  in  denominate  numbers, 
the  use  of  various  tables  of  exchange  paper  folding,  etc.,  com- 
pound  interest  and  many  other  processes  not  commonly  used  in 
life  situations  were  expected  to  be  mastered  by  the  pupils. 
Fractions  with  denominators  going  into  the  ten  thousandths,  and 
six  and  more  place  decimals  were  commonly  found  in  the  textbooks. 

As  early  as  1904  Dr.  McMurry  felt  that  much  of  the  subject 
matter  taught  was  superfluous  and  also  a cause  for  arithmetic 
failures.  It  Y/as  his  belief  that  the  amount  of  arithmetic 
taught  in  the  schools  should  be  greatly  reduced  and  the  subjects 
considered,  for  the  most  part  be  restricted  to  those  based  upon 
life  situations.  This  would  tend  to  drive  out  much  of  the  ob- 
solete material  from  the  arithmetic  program. 

Thus  it  was  that  for  years  keen  thinkers  urged  a simpler 

program  of  useful  topics  in  arithmetic,  but  it  was  not  until 

1919  v/hen  Wilson  published  his  survey  that  adequate  data  began 

to  appear  on  what  arithmetic  is  actually  needed  outside  the 
2 

schoolroom.  His  siirvey  showed  that  from  one-half  to  two-thirds 
of  the  arithmetic  included  in  ordinary  textbooks  and  taught  in 
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1.  Anderson,  M.C-.,  "Written  Problems  in  Arithmetic  Textbooks, 
1808-1930".  Master's  Thesis,  School  of  Education,  Boston 
University,  1937. 

2.  Wilson,  G.  M. , A Survey  of  the  Social  and  Business  Usage  of 
Arithmetic , p.  62,  Teacher *s~ College,  Columbia  University,”’ 
New  York,  1919. 
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schools  is  useless*  Furthermore,  data  from  his  survey  show  that 
in  adult  life  approximately  30%>  of  the  arithmetic  used  is  multi- 
plication, 20%o  addition,  15 % subtraction,  10%  division,  10% 
simple  fractions  and  10%  interest  and  percentage.  From  this  it 
would  seem  that  95%  of  adult  usage  of  arithmetic  concerns  the 
four  fundamentals,  simple  fractions,  and  a small  amount  of  per- 
centage  and  interest. 

The  results  of  this  study  were  confirmed  by  similar  studies 
that  followed  by  V/ise,  Woody,  Thorndike,  Charters,  and  others.-^ 
These  studies  extended  the  original  study  to  analyses  of  usages 
in  industries  and  business  establishments  other  than  common 
adult  usage. 

This  information  should  suggest  to  the  alert  teacher  that 
she  first  teach  a complete  mastery  of  the  more  worthwhile  and 
useful  processes  in  arithmetic  before  she  attempts  to  teach  the 
others.  If  the  arithmetic  program  were  thus  placed  on  a func- 
tional  basis,  the  needed  arithmetic  could  be  done  easily  and 
successfully  on  a 100^  basis  in  much  less  time  than  is  given  to 

p 

the  arithmetic  we  teach. 

Perhaps  one  of  the  main  reasons  for  the  failure  of  pupils 
in  arithmetic  is  due  to  the  Inefficiency  of  teachers  in  recog- 
nizing, diagnosing  and.  correcting  pupils*  errors.  The  average 

1.  See  numbers  12,  52,  and  54  of  the  Bibliography. 

2.  Wilson,  G.  M.,  "Paying  for  Useless  Arithmetic";  Education, 
55:450,  March  1935. 
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teacher  does  not  realize  that  a part  of  her  teaching  program 
should  consist  of  finding  out  from  the  children  what  needs  to 
be  taught  in  her  grade  and  what  should  have  been  taught  before. 
Sometimes  this  may  not  be  caused  by  her  refusal  to  recognize 
this  fact,  but  because  her  training  has  not  qualified  her  to 
know  errors  that  one  may  expect  children  to  make  in  the  funda- 
mental processes.  For  instance,  she  may  know  that  a child  in 
her  room  is  poor  in  addition  but  she  does  not  know  how  to  find 
that  he  is  skipping  about  in  the  column  as  he  adds,  or  that  he 
is  splitting  combinations  from  the  unknown  to  the  known,  that 
he  is  counting  his  decade  facts,  that  he  has  no  uniform  method 
of  adding  the  carried  number  and  frequently  forgets  it,  and  many 
other  faulty  habits  that  may  lead  up  to  his  errors.  Therefore, 
she  does  not  know  how  to  give  the  child  the  specific  help  that 
he  needs.  A teacher  should  not  teach  the  pupil  what  he  already 
knows:  but  should  determine  what  he  does  not  know  and  what  he 
is  capable  of  learning  and  teach  accordingly.  The  diagnosis  of 
pupils'  errors,  as  requiring  a scientific  procedure  on  the  part 
of  the  teacher,  has  already  been  discussed  in  a previous  chapters 
With  the  afore  mentioned  thoughts  in  mind,  we  might  surmise 
that  the  first  step  in  the  eradication  of  failures  in  arithmetic 
from  the  schoolroom  is  the  removal  of  such  causes  of  failure. 
These  we  may  summarize  briefly  as:  (1)  physical  causes,  (2)  sys- 
tematic drill  in  arithmetic  is  started  before  the  child  is  ready 
for  it,  (3)  the  teacher  often  has  no  systematic  plan  for  teach- 
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ing  the  fundamental  processes,  (4)  children  are  pushed  ahead  toe 
rapidly,  (5)  drill  is  carried  on  ineffectively,  (6)  the  drill 
load  is  too  heavy,  and  (7)  teachers  are  failing  to  recognize, 
diagnose  and  correct  errors  found  in  the  work  of  their  pupils 
as  soon  as  they  appear. 
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SUMMARY  AND  CONCLUSIONS 


In  November  1937  tests  in  addition,  subtraction  and  multi- 
plication were  given  to  127  pupils  in  four  sixth  grades  in  a 
public  school  near  Boston.  Using  the  tests  as  a basis  for 
selecting  pupils  needing  corrective  work  it  was  found  that  124 
of  the  127  pupils  tested  were  weak  in  one  or  more  of  the  funda- 
mental processes.  The  scheme  used  was  that  of  designating  all 
scores  below  90  and  all  unreasonable  times  as  indicating  pupils 
needing  assistance  in  the  arithmetic  fundamentals.  These  re- 
sults may  be  found  in  Tables  I to  V. 

From  the  testing  and  observing  of  the  daily  work  of  pupils 
a diagnosis  was  made  of  the  errors  of  each  individual  in  each 
process.  This  diagnosis  was  followed  by  individual  and  group 
teaching  according  to  the  needs  exhibited.  An  attempt  was  made 
to  give  specific  drill  based  upon  the  individual's  errors. 

In  March  the  pupils  were  retested  and  the  results  of  the 
final  testing  compared  with  those  of  the  initial  testing.  It 
was  found  that  the  gain  in  mean  score  for  the  four  sixth  grades 
combined  was  significant  in  the  MP  Test,  and  approached  signif- 
icance on  the  SP  Test. 

From  this  and  similar  studies  it  is  possible  to  make  cer- 
tain statements  concerning  principles  basic  to  corrective  work. 

First  of  all,  to  be  effective  drill  work  must  be  preceded 
and  accompanied  by  individual  and  detailed  diagnosis  of  errors. 
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The  drill  work  must  be  motivated,  varied  and  desired  by 
the  child. 

The  drill  must  be  specific  and  according  to  the  needs  of 
the  child  as  revealed  by  the  diagnosis  of  his  errors,  and  adapt- 
ed to  his  mental  abilities. 

Pupil  leaders  should  be  trained  before  the  class  period,  so 
that  they  know  exactly  what  to  do. 

The  workers  themselves  should  be  aware  of  their  needs  and 
know  what  is  to  be  accomplished,  and  how  to  go  about  it. 

Careful  records  of  progress  should  be  kept  for  or  by  each 
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child. 


If  these  and  other  good  teaching  principles  are  followed 
in  a corrective  program  a considerable  gain  in  score  and  time  in 
the  arithmetic  fundamental  processes  is  possible. 


Not  based  directly  on  the  present  study,  but  pertinent  to 
it,  are  certain  observations  that  may  be  suggested  here  as  con- 
tributing  to  the  success  of  a more  effective  arithmetic  program. 

The  corrective  program  should  be  preceded  or  accompanied 
by  the  education  of  the  class  room  teacher.  The  teacher  must  be 
aware  of  the  number  of  facts  to  be  taught  and  the  difficult 
steps  involved  in  each  process.  Otherwise  she  has  no  basis  for 
an  efficient  plan  for  teaching  procedure.  The  teacher  must  know 
how  to  find  the  individual’s  errors  and  give  him  specific  drill 
where  it  is  needed.  Furthermore  she  must  adopt  the  feeling  that 
to  do  this,  regardless  of  the  grade,  is  a part  of  her  teaching 
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duty. 

Teachers  should  also  be  led  to  dispel  the  idea  that  some 
of  their  children  can  not  learn  arithmetic.  Some  children  are 
expected  to  be  capable  of  learning  faster  than  others,  but  all 
must  be  provided  for. 

The  discovery  and  practice  of  effective  principles  of 
teaching  arithmetic  has  the  possibility  of  eliminating  the  ne- 
cessity for  a corrective  program.  The  corrective  program  may 
gradually  merge  into  a preventative  program;  that  is,  a program 
so  planned  that  causes  of  failure,  some  of  which  have  been  men- 
tioned in  this  study,  are  eliminated  and  the  occurrence  of 
errors  is  prevented,  or  that  upon  their  appearance  they  are  de- 

i 

tected  and  corrected  immediately. 
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APPENDIX  A 

THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 
IN  ARITHMETIC 


Score 

Time_ 


Test  A P Addition  Process  Step  Difficulties 

(Form  2.  Cooperation  of  Edward  Soles,  Gertrude  Hanley,  and  Dorothy  Yarbrough) 


Name 


Age 


Grade Building 


the  Pupil: 


Add  throughout  this  test. 

If  you  hesitate,  place  a check  ( \/  ). 
If  you  count,  double  check  ( \J\f ) . 
Note  time  when  you  start : 


.City 


when  you  stop 


Directions  for  Scoring: 

Each  set  counts  for  four  points.  The  total  score  is  100. 
All  parts  of  (a)  must  be  correct  to  merit  the  five  points. 
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THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 
IN  ARITHMETIC 


Test  A-3  Addition  Related  Decade  Facts  to  39  + 9. 


Name 


Age Grade Building City 


To  the  Pupil j In  this  test  you  are  to  add. 


Place  sums,  without  counting. 
If  you  hesitate,  check  (V). 


If  you  count,  double  check  (vv). 


Part  I,  100  Faotss 


31 

4 

3 = 

33 

4 

2 = 

12 

4 

4 = 

35 

+ 

53 

11  4 

5 = 

15 

4 

5 = 

23 

4 

4 ^ 

25 

4 

5 ^ 

32 

4 

0 = 

14 

4 

9 3 

13  + 

9 = 

24 

4 

93 

31 

9 = 

38 

4 

3 = 

30 

4 

4 = 

20 

4 

9 = 

39  4 

5 3 

17 

4 

5 3 

14 

+ 

4 = 

28 

+ 

9 = 

16 

4 

3 = 

23 

4 

8 = 

28  4 

1 = 

27 

4 

3 = 

34 

+ 

0 - 

29 

4 

6 = 

36 

4 

3 = 

23 

23 

32  4 

2 3 

16 

4 

7 = 

29 

4 

0 = 

28 

4 

2 = 

10 

4 

0 = 

18 

4 

4 = 

18  4 

0 = 

39 

4 

1 = 

38 

-+ 

6 = 

26 

4 

2 = 

11 

4 

9 = 

32 

4 

1 = 

31  + 

5 = 

16 

4 

5 = 

IS 

+ 

6 = 

35 

■+■ 

8 = 

24 

4 

0 = 

12 

4 

6 = 

15  + 

0 = 

20 

4 

7 = 

16 

+ 

1- 

23 

4 

6 - 

22 

4 

2 = 

19 

4 

9 - 

15  4- 

6 = 

35 

4 

2 = 

23 

0 - 

32 

4- 

9 - 

16 

4- 

8 - 

15 

4 

2 - 

33  -+ 

4 = 

23 

4 

9 = 

32 

7 = 

13 

4- 

5 = 

11 

4 

6 = 

14 

4 

8 = 

27  + 

2 = 

11 

4 

8 — 

28 

-+ 

3 = 

19 

4 

0-= 

25 

4- 

03 

32 

4 

63 

23  4 

7 3 

34 

4 

93 

26 

+ 

0 = 

10 

4 

6 - 

13 

4 

2 = 

10 

4 

93 

22  4 

9 3 

26 

4 

33 

31 

8 = 

18 

4 

8 = 

19 

4 

8 - 

20 

4 

6 - 

16  4 

0 = 

20 

4 

3 = 

26 

8 = 

32 

-4- 

2 ^ 

31 

4 

2 3 

10 

4 

4 = 

33  4 

1-- 

38 

4 

9 = 

10 

4 

2 - 

27 

4 

7 = 

38 

4 

7 = 

36 

4 

6 = 

39  4 

7 = 

18 

4 

5 - 

39 

+ 

9 ^ 

12 

4 

2 - 

25 

4- 

6 = 

35 

4 

4 = 

Part  I 

score 

time 


Part  II,  100  Facts ; 


14 

4 

6 - 

21  4 

6 = 

28  4 

7 = 

30  4 

2 

- 

37  4 

3 - 

27  4 

6 

= 

22 

4 

4- 

34  4 

5 = 

21  4 

1 = 

27  4 

9 

= 

35  4 

3 = 

19  4 

7 

- 

12 

4 

1 = 

11  + 

4 = 

12  4 

0 = 

24  4 

7 

3 

39  4 

4 - 

24  t 

1 

- 

29 

4 

4 = 

34  4 

3 = 

10  4 

8 = 

17  4 

1 

r- 

29  4 

8 = 

25  4 

9 

- 

34 

4 

7 = 

36  4 

8 - 

28  4 

6 - 

18  4 

2 

- 

25  + 

7 = 

13  + 

1 

- 

36 

4 

9 - 

39  4 

2 = 

10  4 

5 - 

24  4 

3 

— 

17  + 

0 = 

21  4- 

2 

n 

34 

4 

4 - 

31  4 

0- 

22  4 

5 - 

39  4 

3 

— 

17  4 

4 - 

32  + 

3 

- 

23 

4 

5 = 

20  4 

5 = 

10  + 

3 = 

17  4 

7 

= 

25  4 

8 = 

27  4 

5 

— 

14 

4 

2 = 

23  4 

3 = 

38  4 

5 = 

26  4 

1 

3 

18  4 

7 = 

13  4 

7 

- 

37 

4 

1 - 

21  4 

9 - 

30  4 

7 = 

38  4 

2 

3 

32  4 

8 - 

36  4 

7 

3 

32 

4 

5 - 

28  4 

8 = 

24  4 

5 - 

19  4 

1 

— 

(Other  1 

aide 
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11  4 

2 - 

23  4 

1 = 

15  4 

1 = 

30 

4 

0 = 

16 

4 

2 = 

22  4 

1 = 

29  -t 

9 = 

16  4 

4 = 

28  4 

0 = 

34  4 

6 = 

33 

4 

3 - 

34 

4 

8 = 

16  -+■ 

9 = 

17 

4- 

3 = 

29  4- 

3 = 

32 

4 

4 - 

20 

4 

0 = 

34  4 

1- 

31  -4- 

1 = 

35 

4 

6 = 

15 

4 

4 c 

17 

4 

8 x 

27 

4 

1 = 

37  4 

8 = 

25 

3 = 

31  4 

6 = 

33 

4 

6 - 

11 

4 

7 = 

30  +- 

8 - 

26 

4 

5 = 

36 

4 

0 = 

12 

4 

9 = 

Part 

: II  score 

36 

1- 

14 

4 

1 = 

35 

4 

7 = 

25 

4 

1 = 

time 

Part  III, 

100 

Facts : 

18 

4 

1 = 

12 

4 

7 - 

37 

4 

9 = 

35 

4 

1 = 

17  + 

9 = 

37 

4 

5 = 

12 

4 

8 =• 

17 

4 

6 = 

33 

4- 

9 = 

30 

4 

5 - 

30  + 

9 = 

26 

4 

4 = 

13 

4- 

0 = 

29 

4 

1 = 

27 

4 

0 - 

11 

4 

0 = 

31  + 

4 - 

24 

4 

4 = 

38 

4 

0 = 

21 

4 

7 = 

18 

4 

9 - 

19 

4 

2 = 

36  + 

4 = 

18 

4 

6 = 

20 

4 

2 = 

24 

4 

6 = 

29 

4 

2 = 

13 

4 

6 - 

37  -+- 

0 = 

27 

4 

8 = 

18 

4 

3c 

12 

4 

3 c 

26 

4 

7 = 

29 

4 

7 = 

20 

8 = 

24 

4 

8 = 

15 

4 

7 = 

16 

4 

6 = 

14 

4 

5 - 

33 

4 

7 - 

13  + 

8 = 

19 

4 

3 - 

28 

4 

4 = 

38 

4 

8 = 

21 

4 

3 = 

21 

4 

8 = 

22  4- 

3 = 

20 

4 

4 - 

38 

4 

4 = 

14 

4 

7 = 

15 

4 

8 = 

31 

4 

7 

30  4- 

1 = 

15 

4 

3 = 

27 

4 

4 - 

19 

4 

5 = 

33 

4 

5 = 

37 

4 

6 - 

33 

8 = 

36 

4 

5 = 

35 

4 

9 - 

38 

4 

1 = 

37 

4 

7 - 

26 

4 

9 = 

14  + 

3 = 

17 

4 

2 = 

10 

4 

1 = 

28 

4 

5 = 

11 

4 

3 = 

15 

4 

9 = 

22  4 

8 = 

29 

4 

5 ~ 

19 

4 

4 - 

35 

4 

0 = 

22 

4 

6 - 

25 

4 

4 = 

21  4 

0 = 

39 

4 

8 = 

37 

4 

0 = 

33 

4 

0 s 

13 

4 

3 = 

39 

4 

6 ^ 

12  4 

5 = 

13 

4 

4 = 

21 

4 

4 = 

22 

4 

7 = 

36 

4 

2 = 

24 

+ 

2 = 

20  4 

1 = 

21 

4 

5 = 

26 

4 

6 = 

37 

4 

2 = 

10 

4 

7 = 

11 

4 

1=- 

39  4- 

0 = 

25 

4 

2 = 

30 

4- 

0 =■ 

22 

4 

0 = 

30 

4 

6 - 

14 

4 

0 = 

Part  III 


score 

time 


Score  Any  score  less  than  100  calls  for  corrective  work.  Find  your  errors  and  card 
the  facts  missed. 

Time  If  the  time  is  too  long  it  indicates  unsatisfactory  habits  of  work.  For  this 
test,  the  time  should  not  be  greater  than: 

14  minutes  in  grade  3;  better  if  only  10  minutes. 

12  minutes  in  grade  4;  better  if  only  8 minutes. 

10  minutes  in  grade  5;  better  if  only  6 minutes. 

10  minutes  in  grade  6;  better  if  only  6 minutes. 


THE  V/ILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 
IN  ARITHMETIC 


Test  S P 

Subtraction 

Process  Step  Difficulties 

Name 

Age 

Grade 

Building  City 

T^^the  Pupil: 


Subtract  in  this  test. 


If  you  hesitate,  place  a check  (>/). 
If  you  count,  double  check  (n/v/). 


Note  time  when  you  start 


when  you  stop 


(a) 

8 7 

7 0 

9 5 8 

3 0 5 

7 9 7 

4 6 7 

6 9 

_ _0 8_ 

(b) 

10  14  17  10  13  15  12  11  13 

^J5J3JIJ5_7J5_2J7 

(c) 

(d) 

6 7 8 3 

7 3 7 8 

64  58  98  425 

8 4 7 3 

6 9 2 1 3 

2 2 113  3 

5 1 4 2 

6 2 2 6 

3 2 3 1 

5 8 3 2 5 

3 4 3 3 

6 6 2 9 

9 7 7 6 6 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

00 

118  9 

7 5 5 8 

4 2 8 2 

7 15 

6 0 0 3 

4 5 4 4 

8 2 9 

4 5 3 

3 0 0 9 

12  0 

2 3 6 

14  0 0 

9 16 

5 7 

(1) 

(m) 

(n) 

(o) 

(p) 

(q) 

(r) 

9 2 6 1 

5 3 4 1 

14  0 0 

4 7 0 0 

7 8 4 9 

1 5 0 9 8 

14  9 1 

4 7 8 0 

2 18  6 

12  5 4 

14  3 2 

19  9 1 

8 0 2 0 

8 4 3 

(s) 

(t) 

(u) 

(▼) 

(w) 

(x) 

(y) 

» 

13  0 2 

12  7 6 

$5.0  0 

$5  5.4  0 

$8.1  0 

&2  5.1  0 

$1  4.0  0 

8 0 4 

8 9 7 

1.5  1 

4 2.2  5 

5.9  8 

1 7.0  5 

9.9  8 

The  score  is  the  number  right  times  4.  Score 

Time 
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THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 
IN  ARITHMETIC 


Test  M P 

Multiplication 

Process 

Step  Difficulties 

Name 

Age 

Grade 

Building 

City 

To  the  Pupil » In  this  test,  multiply. 


If  you  hesitate,  place  a check  (/)• 

If  you  count  or  say  the  tables,  double  check  (vi/). 


Note  time  when  you  start : when  you  finish 


(a) 

(b) 

(c) 

(d) 

8 7 4 

2 

6 7 3 

2 

8 6 

$ 3.6  5 

5 0 1 

ft  8.0  5 

6 3 9 

7 

4 5 3 

3 

4 7 

6 

6 

7 

(e) 

(f) 

(e) 

(h) 

6 4 7 

4 

13  2 

0 

8 1 

f;  7.4  0 

$5.9  0 

^7  0 0.95 

0 5 8 

4 

14  2 

3 

9 8 

6 

1 0 

4 

- 

(i) 

(j) 

00 

(1) 

(m) 

(n) 

7 1 

3 6 2 

9 3 

9 2 

9 

3 

v7 .3  0 

1 7 

2 1 

4 7 

5 6 

8 

9 

2 9 

(o) 

(p) 

(q) 

(r) 

(s) 

(tj 

8 9 6 

6 9 3 

4 4 5 

15  4 

7 0 

8 1 

$6  8 0- 

8 3 

6 0 0 

3 0 8 

2 7 0 

5 

0 9 

12  0 

(u) 

(v) 

(w) 

(x) 

(y) 

^915 

5 0 6 

8 3 0 

2 

1 7 

8 4 

8 4 2 

]W  5 0 4 

1 5 2 

8 0 

5 

3 

6 7 

2 10  0 

The  score  is  the  number  right  times  4,  Score 


Time 
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